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titles 

& FIELD OF TEE IHVEHTION 

This invention r^elates to nov$.l jji^tant enayjues or 
enzyme variants useful in forsaulating detergent compositions 
in exhibiting iTsproved 'wash perf oriaanca , cleaning and deter™ 
10 gsTit conspositions containing said ensyjaes, sjutated gsnes coding 
for tJie expression of said ensymes when inserted in a suit;abla 
host cell or organises, and methods of selcjcting the assino acid 
residues to fee changed in a parent en^yEse in order to perforB 
better in a glv&n wash lii^uoJ? atider specified conditions- 

15 

BACKGR OUND OF THE IN¥B]K^ION 

In the deterg-n'!; industry ©ni;y~tej. hi^.va for more that^ 
20 years been is^piesnented in vashin.3 formulations, Ensyiues used 
20 in such fonauiaticns cos^prlssr! protfias-ss, lipases ^ aaylases; 
ceilulases^ as tsrell as other ensyrnes, or jaixturas thereof, 
Cosjmeroialiy most issportant are proteases. 

Mtisough proteases have bssew «sed in tfee detertjent 
Industry tor ssore thsn 20 years, it is still not exactly known 
25 which physical or cheisioal character Is tics are responsible for 
a good washing perforjsance or ability of a protease. 

The currently used proteases have been found by 
isolating lirote^ses from hatux^e and testii^g t^ff-^j in detergent 
formulations. 

30 

Enzymes cleaving the affixde lir-'-Kageti in protein substra- 
tes are classified as prote&yojj, ox {'interch.3r;ar::abiy) peptida- 
ses; (see. i'v'alsh, l^'.'i-, ;;n£y~(;!v;t ic Fi&Kcticn Mecb^nisri;;; , v?,H. 
35 Freen-an and C0Tr.pr.jn7,. S;:r. r i:---,nc.i sco , Chapter j) , Bacteria of the 
Bacillus species secretes two e\txac;-:liaia.r species of protease; 
^; noutxai , or jTietalloprotoase , and an alkaline protease v/hlch 
is: functionally a ser,ine endopeptidase, referred to as subtili- 
sinv Secretion of these proteases has been linked to the 
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fcactsr.lal growth cycls, with greatest sxpressioft of proteat^e 
daring the stationary phase, vhen ?5poru iaticn also occurs. 
Jolitife &r, a:;. ;;i9 30,, J. Bact:,-v\ial 141 ; iiSr- 120S) has suggested 
that: Eacillas proteas-as function in cell vaii turnover^ 

SUBTILIglN 

A ssr.i-n« protu;ase is an ensvissr w'hich catalyses ths 
hycaroXysia; oi' peptide bor.dy, and jn ivhioh ther& is an essen- 
tial serine residue at th« active sits fv/hj-e, Kanu'ier and 

10 Ssaith, 1973 "Principltsa of Biochsr.5l5try, Fifth Edition, 
McGr&w-mil Book Cojspaoy, m, pp. 27 1-273) . 

Wte feact«rial ssrirse proteases have molecular weigh.ts 
in the 20,000 to 4S,000 rang®. They are inhibited by diisopro- 
pyXfluoropisosphate, but ift contrast tc) 3S©talloprote«ses, are 

15 resistant to ethylene diajuino tetraaostie acid (EBTA) (ai~ 
though they are stabilised at high teiaperatures by caXciu^^ 
ioTiss) * Tiiey hydrolyss simple terisinal esters aiid are ©i&ilar 
in activity ta eukaryotic chysso trypsin, also a serine pro- 
tease, A tuore narrow tersr^, alKslins protease, covering a 

ao sub~gro\5p, reflects th«^: blah pH oprJs^ui?! of some of the serine 
proteases, fros pK 5 . c- : i . ■: (icz r&\'iew, see Priest, X977, 
Bactariologi cal Re.v . 4 1 ; ? ■; i - ? '> , 

I,n relation to the pr.= ^iorrc inv=::ntion a subtil isin is 
a serine protease producc:d by Cr;Uic~pos it i ve hacteria or £nnqi, 

25 A Vide variety of ?ubt J..; ; ?: I rr; nave beon i dant 1 f led, and the 
amino acia F.Bau->^ - :~ber of sxjbtilisins have bean 

detersined. the^re i:-.-.^,.xe at least six sabtilisins froi? 
MslllMi strains, namely, sxjbtilisin 16S,- subtil isin EPN^ 
subtiXisin Carlsberg, sybtiiisin DY, subtil -.uvan axnylosaochari- 

30 ticus^ and asesentericopsptidase (Kurihara at ai,, 1972, 
J-BioX, Chess. 247:5629-5631? WeXls et aX,, 1983, NiicXeic Acids 
Res. 11J7911-792S? Stahl and Ferrari, J. Bacterid, 

159:811-819, Jacobs et ai> , 19SS, Hucl. Acids S.es, 13j8913- 
8926? HMJcoY et aX., 1985, BioX.Chesi, Hoppe-Seyler 366:421- 

35 430, Svendsen et ai., 19S6, FEB£5 Lett 196x22^-232), one 
subtil isin froju an act inojuycet ales , therssitas© from ThergiO" 
-taMja^tsyce^ v^^l^sxiJi (Msloun et al., 1982, FEBS Lett. 1983: 
l9&~-300),, and one fungal safotilisin, proteinase K frois Tri- 
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^ ^ -i^^^l ' anv and Fciy. z Bio:.Cnc:>3, Hoppe-Sfyicj: 

Subtillsins arw veil~charsct>- ^ : --.i-i r^hv^" leal ly htv.^ 
chemically. In addition fco kno'v^'ladgc=' of rha prxxcuiry structisre 
5 (asiino acid seguence) of these e-nsyases, ovsr 50 high, resolution 
X-ray structures of subtil isin have b&^n aetersjsinsd which 
deline«5te the isinding of substrate, transition ^tate, products, 
at least three different protease inhibitors^ and dafin© the 
structural consequsnces for natural variation ^Kraut, 197?, 
10 tes.B^v.Biochm, 4&;331"368), 

iTi the contaxt of this invention, a subtillsin Afariaat 
or mijtated subtilisirs protease mans a subtilisin that ha& fosen 
produced by an orq^nii-a which is; express ir>« a jjiutarst gene 
derci-vcd fron a pirc- - cv ^^l possessed o nal 

o p-^-* 1" » r iwl ' . •> i"oi< V irre-spoid^r^ j^creni 

^ ' .-^^r" rot3tr>a i.i o t-o ^.r^^duce 

prodacx. < ^ ^ ^ 

2v las r'^*-^ ie-i-. i z>f--.?s ca ''id 

r&latxm to jsuh'tJ, — ^xn's cata - i.^'^ i , &>>„LJ3t 
t^t^xty, t«»-txery stsacture, ^.o" «■ .*t a , -^g" 

Proc.Na,tl.Ac4a.Sri l,S,A e^. 121'^^ ?^3' \icllh et 
P^li>Ttan&-R.Soc Xona,A. il~,4X^-'233 E^^nq and War&h«„, n> , 
Biccne.u Jfo-^SS^-^fo? Rao et al. 1987, Katijxo IZSi^Bl-^^^A^ , 

Especially site~dxroctoa )«utageiiesas of the mubti^^sm 
qepe*' has attracted Tsurh attention, and varioass iautatxor.s a„-® 
described xn tise follow a. ng pateni: applications and patents: 

EP publ. PO, 100-756 {^SKOTECH) (corro<=!pondxnq to US 
Paterit No. ^,760,0?S (GESEHCOH)) relating to site specific or 
rar^'> qt. . rat-^i-^r-- r "cnxbcnyi hvdroIa5»e&' ard 

&>^r3~. 3^ c< ntated enavnes for v'ar^oa^ 

»rOfc,«ii * Uv, ^ ^ ri'-, „ r c-f" o ad 

o^£iaaw'05 I ts \oo^,, ^ro'- > c-^ r ^ , tiu --e - -^o f „^ 
''Mt=iti.^ ^ , mi) tKa* ^^^-s^ 

"^"n.^ ^""G)^, --^h.-. '''\ , " «^^t T,^, t o 

''^''Al^5, ptoMco -.or cn^vnes 'nv-i^"* itinj altered prDpvJ;t^fcw, tiss 



application doss not contiribute to solving the prcblei3r> of 
decidiKg where to introdxjoe isutations ix^ order to obtain " 
eBxyjnes witii desired properties , 

EP publ, no. 21443S {HEHKEL) relating to cloning and 
5 -a^rp^resslcv; oi: subtllisin CarXsberg and two autancs thereof. Xtt 
this application no reason fox- jsr<tation o: '""'Asp to ''^Ser and 
^*^Ser to '"'Asp is providsd. 

In Internnt-iona • r.Jter.r. r/ -r-l i :;st ion No, WO £7/0>':461 
fAMGtU) it is proposed to rcs.\:oe the nur.b»r of Asn-Gly s'.equen- 
ID oes preser^t in the paren" ci.;^y:T,e in order to obtain !ra-t-.5tod 
en2y35.es ex>;ibitinq iinpreved pH and ho«r. otabilities , in the 
application e.3v>pnasis is put on removing, jsutating, or moda- 
fying the ^^Asn and tbe ^^^Asn residues in subtil is in BPN', 

International patent publication No, V?0 87/05050 
15 (SSHEX) discloses random mutation and siibsequent scr:«eiiiin9 of 
a; large nwisfeer of Butants of subtilisin BPn' for isnproved 
properties. In the application siutations are desoribed in 
positions ^%sn, ^^''Gly, '^^''Thn "^Aia, ^^B&x, *^*L©u, and 

%er. 

20 In application no. 8730376X (OEHEHTBCH) it 1^ de- 

scribed hov homology considerations at both primary and 
tertiary structural levels may be applied to identify equix'-a- 
lent ardno acid residue?; \vhether conserved or not. This 
infor-iuation together yi~.h ~ha invontorr. Vmowledge of the 

25 tsrtiarv srrnctare c;J subtilisin 3PN' Itaa the inventors to 
ijeiov;! « na-ixber of positions suso-i;pt ible to ir-atacion v.-irh .-.V! 
expectation of obtain>ng ^nutants with aitoro-.j prc:p<;rtids. The 
positions so identified are; ''"'"Het, "-r-Set, 'Nvr, ■•""Ala, ''■'''Glu, 
=^Gly, -^-'Giy, ^^^Phe, ■•'^'■Tyr. Also "^'-'Asn , ^^Tyr., ■■Tnr, -''Ser, -^\A,^p', 

30 ^-^Ser, ^Asp, ^^Gly, '^^i^.la, '■''Ser, '^Ist, "'"-A.?n, '"Ver, '''''Lys, •-'7-1.,, 
'^Leu, ^''^lle, ^'=Gly, ^'«Lys, ^^'"^Tyr, -'^Pro., •^^^■'Asp,. ^'^-I^let,- ^^'"Ser„ 
^^^Lys, and ^^%er, which positions are identified o.t- being 
expected to influence various properties cf the en::y5?>«. Also, 
a nua^ber of mutations are exemplified to support thesa sugges- 

3$ tions. In addition to single mxstations in these positions the 
inventors also perforjsed a ntsmfcer of multiple mutations. 
Further the invei>tors identify ^'^Sly, ^^His, ''^^Leu, '^^^Leu, and 
amino acid residiies within the segments 97-103, 1S6-12S, 2X3- 



jlv, ana ,;7C-.r"-;r having interest., b-ut si^tations in any of 
themsv. pos:.t i-";;o;^ ar& not exeii'p.n , 

of aerta-ln properties in en?.yjr.ec; fX".r~ :dning o cat.5.i.yr,ic trisd 
5 toy selecting an asru.no acid re~:;:„'_- i.'-.t..^Un atout. 15 A froaj zhe 
catalytic triad at^d replace the seiected <uuir.o acid res;i.:;uc 
vsdth another residue. Bngysses cf the subtillsin typa described 
In the presesnt specif ioation are specifically )^)entioned as 
belonging to the class of snsyjr^ss contairsing a catalytic triad, 

10 In subtiXisins positions Z22 and 21? are indicated as preferred 
positions for replac&asefet. 

International patent publication Ho. ??o 88/06624 (GIST- 
BHOCADES nv) discloses the Dm and amino acid ^egiisnces of a 
^^abtalisin protease designated FS92 aliaost 100% bomoiogous in 

15 the araino acid s^q^isnce to the atnino acid sequence of Subtili- 

International patent p^-J'- 1,1 cation No. WO 88/07578 
rGEI.EMKCh; o;air;v ;;;utyr.--sd ensyr.es a-rived frojs a precursor 
enKyae; by replac«;ssnt or /f-cd j fica t-ion or' at least one catalytic 

20 group of an arino add residao. The inventors state that by 
doing so a ^nutated -nsyjse is obtained that is reactive with 
substrates containing the modified or replaced catalytic group 
(substrate-assisted catalysis) , 

The general theory is fca^ca cn Zx. ^YloLkS^XMcierxs 

25 subtilisin (BPN'), where Jsodif ications have besn dascribed in 
positions ^His that ws ssodified Into "''Ala a,ione or in 
combination with a "helpsr** ssutation of Ser~24~Cys- Modifica- 
tions are also suggested in the amino acid residues ^^^sp, and 
^^'Ser, and a "helper" latjtation of Ma~4S-Glii> 

International patent $subltcation No, wo 88/08028 
(GEHEX) discloses genetic engineering around metal ion binding 
sites for the stabiixKation of proteins. This publication also 
uses Subtilisin Bm* as eraple and points at the following 
amino acid residues as candidates for substitution '^^Pro 

35 P172E,}, ■^■(hly (Ci^lt);, "'^Asn N76D-f PX72D (E) ) , ^%er 

(.^?7SD) . Further, suggestions are made for the combined isistants 
M76D+S73D-i-C131D:-P;i72D(E) ; iS^TSD-^-GiaiD; S78D4-G131D; S78D-s-P17aD (E) 
AHD S7 SD4G13 1 DrPl 72 D (g } 
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Internationai patent publics tion Jso. WO 88/08033 
(iSiMGEH) disciosfes a nussbsr of subtilisin analogues having a 
saodifiecs calciuss binding? sita and either Asn or Gly replaced in 
any Asr5~GIy seqvse'nce present in the \sol«^;cul5s thersfcy ofctdining 

5 enzymes esihibitirsg isiproved thormaj and p« stabJ,I.i u.y , One of 
the calcium binding siter> i?i disclosea as irivolving r,he ajjiine 
acid rssiduos '^'^sp, '"^i.eii, -'^\sn, 'V^n, '^er, ''"lie, ^^^'Gly, '^-Val, 
^''"Thr, and '^'"Tyr," other potential calciu-i bindirxcr sites are. 
sugKjOGted ar ^"-^Asp^ arid ''^l-rct ^"Pro, and ""'"'Cin; and '''^Pro and 

10 '"^^Glu or '--Asp, Also inutarJnq} tbe ^*^'Asn avK^ ^%sn por.itior.s is 
s\iqgest,ed . Mutant? prodacad are MIOSES , Cr:-> '- N'J J f;S , ;x7€.D-^>;109S~ 
-fN2I8S, N76t>N77D-i-N.l09S+H218S, SN76D-ri7yE-:-i4109S-HN2 ISS, 

inr.ernational patent publication No. V^O SS/08164 
(GSMEX) describes a jaetbod for identifying residues in a 

IS prcstein which xsay toe substittited by a cysteine to persjit 
fbriaatiob of potentiaiiy stabilizing disulfide bonds. Tbe 
method is based on detailed feiowledge of tbe three dijsensipnal 
striictures of the protein and uses a costtp«ter for selecting the 
positions. In relation to si^btilisin proteases, Subtilisin BFN* 

20 was ased as a isodel systejn- Using tb© sssthod on Subtil i sin BPN< 
resulted in t&e suggestion of II candidates for introducinvg 
disulfide bonds (ljT22C+S87C, 2 :V2 6^2350, 3 c G47C-i-P57C, 
4^^550C4••*5109C, 5:E156CtT164C, 6 : VieSC-f-KlTOC, 7 J V 165C-;-S191C, 
BjqaOSC-fAaiSC, 9iA230C;*V270C, 10:12 j4CfA;:74C, Ij : HZ^iSC^V^;-: 4 IC) . 

2S Of -chese 4 were produced \1, 2, 4, «n'i B) o£ v/hic;\ 2 did not 
provid-^ any stabilizing effect (;:; anJ 4;- rurther fTAitants vara 
proauced by co^rtbining tvo of thwss: iTiUT:?.;nr,;~ with -sach other, and 
one with another yvatation, viz. T;>;:e-!-SfV7C~- IBS,, and 
T22C-tS87CtQ206C-i-A2ie-C, A.lso, nur.ber of further i:nivucceasfui 

30 .^tirants were produc-^d, V:.;:, A1C~S7B:\. S24i--iS37C , K27CrS89C, 
I122C-;Vi.;?C, S249C+A273C, and T2530A273C. 
Also, it has bi?en shown by Tbomas, Hussellf and Fersht, 
Hstirre 318, 375~:^76 (1385) that exchange of ^Asp Into ^Ser in 
subtilisin BPN* changes the pH dependency of the enzyjse. 

3S In a subsequent article j. Hoi. Biol, {19&7)193, 803- 

813, the sa-ma authors also discuss the sxjbstitution of ^^Ser in 
place of ^%l5i. 

Both these mutations are within a distance of about 
iSA from the acti%fe *^Hi.s. 
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m Nature 328 ^ 96-500 {lSfS"0 Rxiss-i aaid Fershc di5r,co.;-s 
the results of their experiiuerrcs and prasii:.nt. j;uiu=i5 xor chanqir^q 
pH~act.ivity profiles by luutating ari en^iyiae to obtain changes 
in surface charge. 

5 

rrhe Isoelectric point, pl^, is defined as the pH value 
where the ensyms laolecule complBx {with optionally attachesd 
inetal or other ions) is neutral, i> e. the sum of electrostatic 

10 charges (net electrostatic charge ^ «NEC) on the cosiplex is 
esgual to zero. In this suja of coarse consideration of the 
positive or neo^jcive natvire of tho individual electrostatic 
Ciiargeir. sisust be taken into account, 

'Xhs^- isoelectric point is ccr!vcnaenti.v csiloula-ca by 

15 lisinq ibrirax! coTvsiderat ionr v;?.).r>c s::F vaL^ei? r.cr th® 

various charged res:; diu:.s in £^.^yrr;« in c;-j-5er,'or: axiu then by 
iteration find tb-t: pji valu==> vner-.; tne N:\C r.hf:- ensyms 

535oleculei is equal to sero. 

Orio proble,-; vvith this c<-lml?5tlon i.u th jx the pK v;r 

20; for the charged r&siduey -^re ac-:r. -r.-ier.t on their onv;. ; ,;nr!- "? ar.d 
consoquently subject r.o ; „ ..r. i,>. n . However, very ccod resui.t.s 
are obtainable by allocating sp&cific approKi:Eiate pK values to 
the charged residues Independently of the actxjal value. It is 
also possible to performs more sophisticated calculations, 

2S partly ta>><ing the envircniusnt iRto consideration. 

The pl^ may al^o be dstermined experimentally by 
isoelectric focusing or by titrating a soluticn containing the 
enKyjRe, Mso^ the various pK values for the charged residues 
may he detemined experimentally by titration. 

30 

Proteases such as subtilisirss have found xauch utility 
in industry, particulai-ly in derercjs.nt S orwalations, as they 
are useful for rcit^oving prote.-i nacecur> sTtams, 
3S At present- tb-r rolio.vi :r, u^iu- uieiv ^.re kno-^'n snd ?jany 

of tnsKi are rearkete-i m :;aro--- qi.-^ir.r.ir.i-::!;. in ?-,anv coontriss of 
the world. 

Subtilisin BPN ' or Novo, available f rois e.gv SIGMA, 
St, Louis, U.S.A. 
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stibtllisir} carSsberi^s siarketed by I^ovo-Koraisk a/& 
(Dsntnari-;) as iiLCAIu'KSE* and by IBIS (Holland) as HAXATASE* j 

)iacllllls^..l;5nt,UB sufctilxain, isarl^eted by NOVO INDUSTRI 
V'?^ (De-Wirk) as GAVINASS*? 
5 EnEyuies cioseiy rese-rsbllng SAVIKASC*- :nuch aa; HAXACAL* 

tusr^csred by lElS, and GPTICLEAN* jsarketed by KILH:s KALI cHENIK: 
(FS<3 ) ? 

Bacillus ientus subtil i sin, -^STkc-ted by Novo-Nordisk 
a/s (Demuark) as ESPEEASE*; 

10 KJkZUSASE* jsarJtf^ted by SHOivA M;KRO (Japan) 

To ^effective, 350wsver, such en^i^inss laust: Tist csftly 
esxliiblt activity und^r washing conditions^ biit aust also be 
cojapatible witfe ot.ber detergent cosiponents during det;ergeat 
production and storage , 

IS For ^sxampie, subtiiisiiss may be used iw combination 

with other BXizy^^BB active against otn^r substrates-, and the 
ssieotea subtil isin sbotild possess stability tcswaras such 
en^yises, and also the selected subtilisin preiferably should 
not catalyse degradation of the other ensyiy.esv Alsoy the chosen 

ao subtilisin should be rsssistant to the action froa other 
corsponents in the detsrcsr.^- f orrra;! at.ic-n, such s^s bisaching 
agents, oxidisiftM ,:ig<=^>v:r, or^,, in p.-5rt:..cu'i;-.5r an ensvBe to be 
used ir. a detergent f ormu'iat.ior wh^juld ,bv sta.vlfe >,vlth respect 
to the ox id .1. King power, calciun bir.dirKj properuies^ and pH 

25 conditions rendered by the v;on-eb;?.yp'at ic corujonents in th^; 
detergent during storag-?. and ir. the v;s«:h liquor during was-b. 

The ability of an e;n<;yr.-e to catalyse- the degradation 
of varxotss naturally occxu-xing substrates present on ths 
objects to be cleaned during B,g. \4^sh is often referred to as 

30 its washing ability, wasbability, detergen-:^y , or wash perfojrBi--- 
ancs:. Throughout this application the term wash performance 
will be used to encosspass this property. 

naturally occurring s^Jhtilisias have been found to 
35 possess properties fe^bich are higbly variable in relation to 
their %'ashing po^er or ability unsSer variations in parameters 
such as pE^ Several of the above ffiarKeted aeteri^eht proteases, 
indeed f have a better perforssancs tfean those siarJcet^d about 20 
years ago, but for optical perforssance eacb ®n?yms has its d^^n 



sri?c,Lf;lc con<iitioT5s regarding f crj-^.uiau i on iv.-.sih candit..ons, 
e.g. pH, temperature, ionic strenath f-I) , ^;ct:xve ;=vst«=^^-5 
(tensid^Sj suri'sctants, bleaching aq-=..r. t.. Duilders, (sto. 

As a oonsequencw it found th.-it an en<:y,Tt<T posses- 
5 sing desirable properties at low pB and lo'.v I 3^3v be ies-s 
attractive at laore alkaline conditions and hjgh or an -uiKiyme 
exhibiting fin« properties at high pH and high I may foe less 
attractive at lostf pftr low I conditions. 

The a<Svfent and deveXopsserit of recombinant DNA rech- 
10 niqa^B has had a profound influence in the field of protein 
chejaistry. 

It has been envisaged that these techniques vili tnak^j 
it possiMs to design peptides and proteins, such as ensymes, 
and hormones according to desired specifications, enabling the 
15 production of compounds exhibiting desired properties. 

It IS possible nov to cf^nstruc- senryr<?ss having aesired 
amino acid si^.qucnces, and as ir.ai .ritcd cibuv^ a fair axsoimt of 
resaarch has been devoted to dc;3ionlncf ?;Kttiiisins with altered 
20 properties--, Ainong thfi: prcpcsalr technique of producing and 

screening a large nx;mbar ol .■r.^^x-i-.^o onryr<^s /.^escrlber; In EF 

{GBM£NCOR)) and Interna u .cn.V.. pc^lct- publ , WO S7/05050 

(GENEX) correspond to r-e r.r.n: ca„ K.ethod --f Ir^ciating native 

2S enKyises and screening ths:s lor their properties, but is acre 
efficient through the knowledge of the presence of a large 
OTtaer of different mutaht enzymes. 

Since a subtllisln ex\ZY^& typically comprises 275 amno 
acid residues each capable of being l ot^t of 20 possible na~ 

30 t\jraliy occurring asiino acids, one very serious draw-back in 
that procedure is the very large nutJiber of mutatJ^ons generated 
that has to be subirdtted to a preli-ainary screening prior to 
further testing of selecta-d js-atants showing interesting 
charactsristics at ths first screening, since no guidance, is 

3S indicated in deuv-riuining which amino acid residues to change 
in oraer to obtain a desired en^vyme x^H,th itsproved properties 
for r,he use in qne^vtxon, such as. in this case formulating 
de-cergent cojiapositionft exhibiting isjproved wash performance 
under specified conditions of. the wash liquor. 



10 

A procedure, as outlined in these patent applicatica^s 
will coBsequentXy only be slightly barter rhan the traditional 
random mutation proceduv&s which have be.$n known for years, 

Th© other known techniques relate to chanqlng speci- 
5 tic properties, such as tra«sesterlf Icarlon and hydrolysis rate 
(EP publ. no. 260105 (GENKMCOR) ) , pH~cvCWvit.v prcfil«;> (Tnoffirss:, 
Rusueil, and Fersht, supra), and sub?;-r r.-i"-^ ?.p{=;o i f : ci ty center- 
national patent pubX, no. ivo 8S/07S78 {GEHEf^TECK} ) , None of 
t.heee publications relates to changing the wash perfcrjsance of 
10 enzyises. 

A further tecnnique that har; ■f^-.va'ived i~. using the 
de-tariod infors!^;; ion ors th=v three d > jaens iona "I structure of 
proteins tor analyzlnt? tbe ror.sntial consequences of substitut- 
in9- cesrtain asino acids, Xnis approach has been ussd and is 
15 described in EP 260105 (GENBNCOR) , V}0 88/ 07 57 8 (GENEHTECH) , WO 
88/0S02S {GENEX) , W {AMGEH) , and WO 88/08164 {GEHBX) 

Thus ^ as indicated above no relationship bas yet been 
identified b^t^een well def Ihed properties of an enssy^e such 

20 as tho&e aiefttioned above and the wash perforsjance of an en&y«xs« 
In unpublished International Patent Application no. 
PCT/D8 S8/0000a (NOVO INDUSTRI h/S) it is proposed to txse the 
concept of hosiclogy coi^sparison to detersiine which aj^nno acid 
positions should be selected for jvutation and which a;-ino acids 

25 should be substituted in tber.e poi- .-.v i:-,»na= in order to obtain a 
desired change in wash pe:.-f:.:rTance. 

Bv using such a prcceaure trie rasK of scr-^ening is 
reduced aro-is>ticaliy , since the number oi siatants <M~norated ie 
^uc!i e^xijtller, but vith that procedure it is only foreseen that 

30 crr^V'nes exhlbiriaq t;he cosibined useful pr-.-^f-rties of th-B parent, 
ensy^^H-i and the enr.yme use-J jlx-. uho co~epariscn r-^ay foe obtained . 

The proLiesi seess r.o be that although tsuch research 
has been directed at revealing the sieohani&m of enajy^e ac- 
tivity, still only little is known aboiit the factors in 

35 structure and aiuino acid residue co^iibination that detensine 
the properties of enzymes in relation to their wash per for- 
isance* 

Consequently there still exists a need for further 
iTsprovement and tailorinq of enzj'iaes to wash systems, as well 



p^rSormnce under «psci£iod condit-^ons xj a ^v^sh l\,.cao£. 



sm«B¥ .0:F. THE imEmmn 

^0 Further investigations into thes« protoleas have jnow 

&urprisiTigiy shown that one of the critical factors in th« us© 
of stsbtilisin ertay^ses in detergsnt compositions is tbs 
adsorption of rKo' enayiae to the substrate, i,e. th^ material 
to be re;;u5v«.i ; r •;;( textiles, hard, surfaces or other materials 

■ 0- >.o>.;er/-:> "hih pr<.'5T:ent invfsntion relates to .•■uta- 
txcii^! c: sur-t. i a g>u=n<a result > n-r- Ir. ohanoed properti'us of 

the ffio-tar.u aabtilisi--; ^nrr-vis.-v -..xrore^-s^d by s-^K^h <s. irutat^ed qv..ne; 
whereby s-iia snutan- srar-tilisir. shi-y^e. e,xhi.bit ifrproved -rcn.-.v- 

;b. :r,-j- d-: ucr-3ent cotsipositiona . HutatxoriSn ^rre nc-nr.,; ,i at 

specific nucl<sic acids .in t.h$Ti parent sabtiiisin 9ene respon- 
sible for the expression of speqific dJrdno acids in specific 
^lositions in the subtil isin -©nsysse. 

The: present inveTjtioa also relates to js^thods of 

25 selecting ths positions and astino acids to bs lautat^d, and 
tiiereby T5a.ta.t is .... s iu.t^Mia the nucleic acids to be changed in 
the subtiXisin gene trt question^ 

The invention relates, in part, but is not limited to, 
mutations of the siibtllisin 30S and subtil Isin Carlsberg gsnes 

30 and ensuing laijtant subtil isin 309 and Carlsberg enzymes # v'hich 
esfhifoit impro^'ed wash perforssance in different detergent 
coaspositions resulting in i-j-ash liquors of varying pH values. 

Further tb.e Invention relates to t.h& use of the ^^utant 
&ji;:y;nec I;i ;;:e;ming coTspositions and cleanimj co^^posltions 

35 corner i.T-inM t.b-i> s.utant enKy^ses, especially detergent coxaposi- 
tiona coir^prising the siutsnt subtilisin enzymes. 
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A ~ Ala ~ Alanine 

V "= val Valine 
L: h^u ■■■ Leucine 

I - lie - Isoieucine 

P « Pro ^ Proline 

W =~ Trp TryptopbST). 

M ~ Met ~ Methionine 

G = Sly ~ Glycin<s 

S Ser Serine 

T ~ Tnr «s Threonine 

e ~ eys ~ Cysteine 

Y ~ Tyr ~ Tyrosine 

Q ~ Gin " Gl^itasjine 

D « Aissp » Aspartlc Acid 

E ^ (Slutamic ?icid 

K » Lys, ~ Lysirse 

R - i%;3jg: =s Arginine 

H ~ His alstidane 




T - Tiivrdno (oray in DNA) 

u ■■^= Uracil (only in RNA) 

30 

In describitsg th^ various siiitaaits prodticM or con^ 
tesjplated according to ths invention, the following nomft"* 
clatuf^ss were adapted for ease of refertenee; 
35 Original amino acid{s) position (e) subsfcitut^d amino acid: Cs) 
Aecoi^ding to this the substitmtion of Slutasiic acid 
for glycine in position 195 is designated as; 

Gly im Giu or 
a i^eletion of glycine in the sa^e position is: 



and ir^sertion 
lysine is: 



additional 



Gly 195 Glyl^s or ni5>?GF 
Where a deletion is indicated in T.-.ble l, cr pre-.^enr 
in a sufotilisin not: indicated in Table 1, ,sn ir.sert:.ion in e,.xu:;h 
a position is indicated as; 

* 3€ Asp or *36D 

for insertion of an aspsrtic acid in position 3 6 

Multiple ss«-tations are separated by pluises, i.e.s 
Arg 170 Tyr Giy I95 Giu or RITOY-j-gisse 

ropresentiJig ir^utations in poaitions 170 and 195 stsbstitating 
tyrosine and ^lutai^dc acid fcr arginine and glycine, respec- 
tiyely. 



eOMP&RXSOy .pF aMIKO acid SEOOENfeE FQ^ various FHOTg»^ 



fo «= sufotilisxn assylosacchariticus (KurlJ:onra et al, 1972, 

c ~ subtil isin 16S {St&hX and Ferrsri , 19B4, sugr^.} 

d ~ subtil i sin siesejjt^ricopeptiaasa (Svendsen et al^ 19S6, 

supr a } 

e ™ siur.t 1 j i s i n DV {NedKOsf c". el,- sypi;:a) 

f =^ sutati.i-.s?iri Carlsberg (S.mith et ai.< 1968, ,smra} 

g sabtiliiin Carlsberg (Jacobs et aX, 1985, SMSm) 

h subtilisroi 309 {International latent Application No. 

PCT/DK S8/0OOO2) 
i « subtilisin 147 (international Patent ^application Mo. 

FCT/DK 88/0SQ02) 
j ~ th'^xusltasss (M^Xours &t. aX> X^SS, sugra) 
k ™ proteinase K {BBtzel et al, Eur. J. Blocheta. 178: 

15S ff), ana Ounkel et aX, 1389, Bur. 0, Biochem, 179; 

185 £f) 

1 s« aqu&Iysin (Kvon st aX, Eur. J, BiochsKi, I?3j491 

ff) 

m » Bacillus PBSS protease (Europears Patent Pufoiication No. 
6 283 075} 

n « Protease {Tritirachiur,- albursi) (International Patent 

hpp I i cati on K o - PCT/ U S S B / 0 1 (5 4 (5 ) 
o === Protease TW3 (Trar.j rRch^:T?i album) (International Pats»t 

Application No, PCT/US8S/01040) 
* assigned deletion 
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continued ^ « 
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a) 

^) 

n 

g) 
h) 
30 x> 
j) 
k) 
1) 



A v?-*~D-I~^i E-G-S-^S-A-K-X A I-V-D-T-G-V-Q-S-N-H-P-P-X.-A- 
S-Y-T-V-T-A-X-G-R-G-V-N-V-Y-V-I-D- >G~1~R-T~T F-K^-E-?-*- 
-\ r-C-T-C-^-v-i^x-o-T-G-I-Vsvix-J-j-H-T-D-F-A- 



.„v■-■AK■:;"G";^~s~M~^^~p~s~£~T~H~p~^~*■■■->■•■■Q•■■D•■■^^■■N 
~v - R - G - A- s - f-' ~ V - :>-■ - J j - k: - ;i ~ ;4 - p - y ~ ~ * ~ q - 

... V ... p ... Q ... Q .. p^... 3 ... p y ... p ... 5 - N - p.- V ... * ... * Q . 

- V " V-G-G "A"S -F- V~S ~G"E~S * - v - * ... st-.-T- 



D~G~ 
D-G- 

D-G- 



-G-T-' 



•D-G^ 



•B-G-T- 



*-*»*-G~G~S"A-H-V~G~Y~D~A~L-G~G-H~G~*~a-EJ~C-if-G-H-G-T«H-V» 



Hot 70 80 9D 

a ) A~G~T~V~A~.&~L~ * ~-N~N~S ~ I ~G~V~L"G~V~A~P~S ~A~S -L~Y~A-V-.K"V~ 

C) A~G~T~I~ft"A-.L.-^---M-^^--S--;^-G-V--L-G--V-S---:P<^-A 

d) «"-G~T~I"A-A-L™*-N~?^"5~:r~G"V~L~G~V~.^~P~P"A~S-L-V-A 

e ) A-G~T-V~A~A~L"- * ~D~.N~T~T~G~ V"L~G ~ V-A- P~N~V~S ~ h-Y-.k-I-K-V- 

f) A~G~T-V~A-A~L~'^~D~^^~T--T~G~V--^L:--G--V-A-■P~S~V--S~L~\-A--V~-K~^^~- 

h) A~G~T~I-A-A~L- -S-X -G-V-.l -G-V-A-P-.S-A-B- L-Y-A~-V~K~\'~ 

.1) A-G-T-I~A™A~L-*~N-K-S~r-G~V"L-G-V-A-P~S~A~D"L~y--A~V-~^^ 

j) A-G-I-A-A-A~^~T~H"K~S-T~G~I~A~G~T-A-P~K~A~S~I"L".&~v-"R~-V-" 

k) A-G~T"V-S"S~*~R-*~*-*-*-*~T-Y-G-V"A-K~K~T~Q~L-F-G-V-K-V" 

m) ?i~G-T-X~A-A»L~*-N-N-"-S->I™G»V~L~G~V-A-P-~t<f~A~E~L-Y~A~V~K~V~ 

n ) A"G--X"V~G»G»T-'*- * „«|^»Y»G„v~A~K-K~T~S~M~A~V~K-V- 

o) A~G~T~I~G~x^-*-H-*~*~*~*-*~T~Y~G-V~A~K-K~T~Q'-I-.F-G»V»K-V-" 

conti nnsad- . . . 



» . , *Table i continued 
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^O- XOO 11.0 

g) I."H-B-S-G~S-G-M-S~0~I 



c 

t 



„ „^ ^ ---^ ~l~A»0'~V-B~W~V~*--^~*-F~K~h'-R~R~?" 
^ 130 140 



K >^-~K»G~V-'V-«A~S-L>-S-L~G~G~<3~>s-S-S~S~V~Jf-S™A~A-!^"*~R~L-Ci'.&~ 

> P ^ -~ ^ ^~::"C~A»V»H~R~A-A~A~*~E~I~T-S~ 

o; .~..c~C^.~.'~.-S-S»V»K-S~A~A-A-~N»L~C"Q~ 
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IS 



Jlo: 150 1^0 17 Q 

h ) S-Q- I -V ■■ V ■■ K-A- A- A-G -N-E-^^-S-S ~c -V -G ~ Y-P-A-K- Y-P- 

d) S--C:~I~V-V~n-A-A~A-G~N - J>G-S-S- G ■ v ■■<:;■■■ V-P-A-K-v-t:!- 

h) P,-G~V~L~V~V-^^v^^\~•S~G~N--S~G~A-*K^-S~r~S-*"*™*"y-P"A-■B-\'"A 

15 5C) S-a~V~M~V-A~¥~A-A~G-3Si--N~N-A~D™A-^R-i^™Y~S«*'-*"*»F"A»S-E-P"- 

1) A-G-V^¥"Y*^A-?^A-A™S-vH-i3»H'^A»H^A~C~ 

■m) R-G-¥^L^^"^\?"^A-A~S:-S-M-^S-0~A-*~G-S~I~S-*~* 

XX) A~G~L-F~L-A-V~i!i.~A~G-N-E~A~-T~D~A~S^S-»S-'S-»*™*~*-J>-A--S~£:~E-« 

O ) g-»S~^»K-V^^A'-V'"A-A^G^H^K^~l-5~A-D^A-iR~Ji-Y^S ~*-*^p~A-S-E-B~ 

HO! ISO 150 2Q0 

a) S"V"I"A'-V--G-A~V-D-S~S~N~Q-R~A~S~F~S~S~V"G~P~E~L~D~V~M~A~ 

b) S~T~I~A~V-a-A-v-N-S~3~H-Q-i<~?v~S-F-5-■•S--^<^---G~F-E~L~D-V~M~A^ 

0) S-T~I~A~V~G~A-V-N"S-3-N-Q~-?>! F ~S-S-A~G -.^^ -E-L-D-V-M-A- 
25 d) S~T~I-A~V"G~A~V~K' -S - \" - -A - -.^-A-G-.^ -E-L-D-X^-H-A- 

S"V~I-A-V»G~A-V>-D~.^ - ■ --A-c ~^"^"c~'V~G~A~E"■L~S-~V~-H~A- 

f ) I -A~\^~G~A~v~D~s ~ ^; a~? -3 -v~g -a-e-l-e-x^-h-a- 

g) S~^'™I~A~V~G~A~V~D~S~N~S~^-R~A--.^-v■-•^V•^^~■--v^-G~A 

30 i) G"V~M--A~V~A-~A~V~D~Q~NKS>-Q~R~A~S~F~S~T~Y--G~-P-~E~I--E--I--S~A~ 
j) N»A~X-A.-V-"A-S~T-D~Q~N~D-tq-K-S-.S~F~S~T~Y~G~S~V~V~D-~V--A~A~ 
3c) S-V-C-T-V-O-A-S-D-R-Y-D-H-R-S-S-F-S-H-Y-G^S-V-L-D-X-F-G- 

1) E~A~L~T-¥-G~A-T~T~S-S-D-A-R~A»S~F»S»H»Y"»G»S~C~V-D-"L~F-A" 
H~A"H~A-'V~G-'A~T~D~Q~M~N~H-H-A»S""F-"S-Q-Y~G~A'-G-L~D-~X-V-A~ 

3S n) S-A~C'~T-»V~G~A~T-~D--K"T-D--T»t»A""C>\'~S-N-F-a~S~V»V»D--t-L-A~ 
O) S-X-C-T-V-G-A-T-D-R-Y-D-I^-R-S-S-F-S-N-Y-G-S-^r-L-D-I-F-A- 

continued. « . . 
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Moi 210 220 

5 a) P~S-V~S~I~Q~S™*r-L-P~G-K»*-K~*~Y~<3-A -V-?^~G~-T--S -H-A-S-P-H » 

e) P-G-V-S--V--Y--S~T~V-»P»»S~N-*~T~*-Y~T-S~L-N-G~T-S~H'»A-S-?-"H- 

10 f) P~G-A'»G»V-Y~S~T'-Y-P-T~H~*~T~*-Y~A~T-L-N~a-T~S-M"A-S~?-H" 

g) P-G~A-G~V-y»S-»T-'Y-P-T"S-*~T~*-Y-A«T«L"N-G'-T~S-M~A»S-P~H- 

h) P-»S~V~H~V-~0™S-T~Y-P-G-S-~*~T-*~Y~A-S~L-N~G-!r«.-S~H~A~T™P»H~ 

i) P~G-V-.H«.V-.N--S-T«Y^T~G-!^-*»T^^*~Y-V~S^L~S~G~T-S^H~A«-T^P-H» 
j) P~G~S»t^^»I~Y~S~T-y-»P~T-S~*-T~*-Y-~A~S~L~S'^G-~T-S~H»A~T-P~H" 

X5 k.) P-G-T~S~I-^L-S~T-fe'"I~G-G~*~£»*-~T~R~S~I~S»G~-T~S-M-^T~P~H~ 
1) P~G-A~S~X~P~S-A-V?"y».T~S~D-T~A»T-»Q^T~L~H~G»T~S~K~A~T~P~H~ 

O) P-G-T-D~I-L~S~T~W~1~G~G~S-T~k~S~X-S-*~*k:-~T-S-K-A"T-P"H- 
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No; 



'^^^^ 240 250 



a) V-A~C~A~A~AH.~I~L"S-K-H~P~^^~^>-T~^^-T---Q-V~F~S■"S-L~E-■N"T~T- 
fo) V»A~G~A~A»A-L~I~L~S™K-H~P~T~Tv-T-■^^-■A~Q~V-K~D-F-L~H«S■~T■~A~ 
C) V«A'-G~A~A~A»L™I-L~S~K-H~P--T-^^~T~^;~A■-■Q--V-R-D~R-;L-E-S-T-A~ 

«s) V-A-G-A-A-A-L-I ~L-S ».K~Y-P~T~L»S ~ A- 5 ~Q~ v ~K. •• K - R~-L~S -S -T -A~ 

f) V--A~G"A»A~'A~L~I«L-S-K~H~P»H«L-S~A~S-Q-v~H~j;~R~L-~S-S~T~A» 

g) V<-A-G~A~A"A~L-'I-L-S~K""H-P-tT~L~S-<A-S*Q~V~I?."N"R--L"-S-S»T-A- 

K) v»a~g~a~a~a~l»v~k-q-k™k~p^s-w~s-h^v»q^i~r~h~h»l«.k«.n-t«a~ 

30 i) V-A-G»V^A-A~L--V»K-S.R-Y^P^S~V~T-H-H-Q^X~R»Q.R~I»N^Q»T~A^ 

15 V-ll-G».V^A~G~L-L-A~S~Q-G~S"S»*'»*-A~S-H~X~R~A-A-I-E~?4~T-A- 

X) V»A-G-L-A"A~y~L-M"T~L~G--K-T~T~A»A-S-~A"C~R-*~Y«T-A-D»i--A- 

I) V-A-G-V-A-A-L-Y-L-E-Q-N-P-S-A-T-P-A-S-V-A-S-A-I-L-H-G-A- 

35 n) V~A~G~L~G~A--Y~f~.l~G~-:L~G~Q-K-V-Q"G~L~*-C-D-*-'Y->M~V~S~K~G~ 
Q) V-A-G-L-A-A^Y-L-M-T-L-G-H-A-T-A-S-S-A-C-H-A-Y-I-A-g-X-A- 

continued. , , . 



Mo J 260 270 275 

;0} T-'V>L-G~D--S---F-"Y-V"*'--G-K~-<i---:L~I~S~V~C>~A~A~A~0 

c ) r- V: - 1.- G ■■ N ■• S - F- Y - G - K~ G~ L- 1 -n-V-Q-A ~ IK - A-y 

d,! T~^i~L~G-S~S-F~Y~y-'^-~G~K-C~I.~I~H~V~Q-s,~;<\-~A--Q 

e) ■X-K-T.-G-D-s-F-Y-Y-^ -C-K-G- L- I - N-V-E-A-A-A-Q 

10 f ) T~y-L-G-S-"G" F"i'--y~«~G-I<~G~L-I~N~V~£~A~A~A-Q 

h ) T-S-L-G-S -T~N-L-Y- * ~G~S~G-L~V-"N''A~E~A~<^-»T~E 
i ; T- Y~ I,» c; - P-S -i. - Y ~ * -G-N-G- L-V"H~A-G-k~A-T~0 
j ) D-K~2 ~S-G~T~G"T~Y~VJ~A~K-G-R-V-N~A~Y~K-A~V-Q-Y 

1) T~T~G~R'~L-'S-G~I~G~S~G~S-P~M»R-L~L~Y-S"L-L-S~S~G~S-G 
Si) T»S™£"G-S-T~M"L-Y"*"G":S~G~L-V'~N~A-E~A-A:-T-R 

iO 

BMEF W^C'S^^TIOK OF THE DHAWIl^G 

Tbfe ^„ v&ntion is ti^zci.:ub^d fu ^t^o - in dct-nil In ths? 
t^^llo'^xng p^ri.^ this soecif 'ca^'on with refe snce to the 

^-co-f; ' - . s !v.| ^1 pd- -^c .SX»S, 

yubtilis^; acj,o>- ■^"'■> -^-i <. « ^ ^"^--> ot r^v-^ 

and 

,^*^-!,c:, pll ^* rasri:^^-^! j<ji*fc»rTa ce and calculated pi cf the 
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Above it was stated that the. inx-entior; .relate.;-- to 
Siutated subtiXis.ins in which the ar^ino acid seqx)enc^ has been 
changed through mutating the gene ox tbs: subtilisin en::y;i.e, 
vhich it is des.l.red to isodify, in codons responsible for the 
S expression of aisino acids located on or close to t.he surface 
of the resu.lt inv^ ensy-ms. 

In the context of this invention a eubtilisin is 
defined as a aerijie p.rotease produced by gram~pos.itive bac- 
teria or fungi. :in a Ji^ore narrow sense, applicable to isany 
10 embodir^ents of the invention. s^fot.i.U.sxn also jseans a serine 
protease o.-;; gr«p.-posi tive bact.er.ia. Aocording to a.nother 
defirdtic.n.. .3 sn,btiiis^n is ^5 ser.in- protease., wherein the 
rel-tive or.-icr of tn., amino :icid residues .in tns catalytic 
triad is .Jisp - Kis ~ Ser (po., i.-.:ion. :>:>. t4 , and 221). m ^ 
15 still Bore speci,fl,r senf-e, nar.y of tho embodlrenr- of the 
invention relate to serine protea.vvs of gias!~pnsi u ive bacteria 
wMch can be brought into s«bstanr.;hh,ilv -nAir:Dia\)c.n<? ho:;;:^. oav 
in their priiasry structure, with the subtilis :r.-. listed in 
Table I atoove- 

20 Using the numbering systeis originating frois the ar^ino 

acid seque^nce of subtUisin BPN', which is shown in Table I 
above aligned with the mino acid sequence of a number of other 
>;ncwn subtilisins, it is possible to indicate the position of 
an aisino acid residue in a e-utatiiisin enzyme unaiisbiguotisly. 
25 P03it.ions prior to ajisino acid residue mmh^r l in subtilisin 
BPN' a.re assigned a negative nuTsber, such as -6 for the 
N-terminal v 1^ thenr.itase, or 0, such as for the N-tersiinai 
A an proteinase K. Axnino acid residues which are insertiorjs in 
relation to subtiTiisin BPN' are ntsabered by the addition of 
30 le-ci:srs in alphabetical order to the precsdi,ng subtiiisin BPK< 
nuTsber, s^ucn as I2a, ;i2fo, i;>c, I2d, J2e .for the "insert'' S- 
T»S~P-G in proteinase X .between "^Ser and ^hr.r, 

U.Tang the above number.5ng svst:ei-i the positions ol inte- 
rs 1, 2, .-5, 4, 6, 9, IG, 12, 14, 15. 17, 13, 1-.. ;:o, 1 , r-z 7^ 
25, 27, 36, 31, 3S, 40, 4 3, 4 :> , <U .< 45, 46.. 49,' ^0,' 51, ^3 ' 
S4, 55, 56, 57, 59, 60, 61, CZ , 7^, 7c] 7?, 7?' 

S7, 91, 94, 37, 99, 100, 101, 10^. 104, lOii, 106, "507^ 

108, 109, 112, 113, its-, 116, 117. lia, 120. 12^ 1?/ 




r?o, I'u. 172, r?3, 

314, ;^i6, 

24:;, ;-4.?, 24.-. 

256, 257, ;;5a, 260, 
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136, 137, 140, 141, 
IfSCs, X61j 162, 163, 
ISl, 182 ^ 183, 184, 
197, 204, 20h, 
21B, 23e>, ?":56, :;37, 
2 4-.,, 2~li}, 24i», 
261, 262, 2$i3, 265, , 




238, 23-^, 240, 
r-?3< 251, r-;^, 255, 
69, 271, 272, 275, 



10 A^siiining that th« substrate under washing conditions 

Isss an electrostatic charge opposite to that of th© «nKyK\«s, it 
might be expected that the adsorption arsa thus the wash 
performance of the -eTSzyjne to the sitbsitrate would foe iHtpi-oved 
by inereasihg the net electrostatic charge, KEC, of the enzyise, 

15 Hov^ever, it was surprisingly found that a decrsass an 

tiis K£C of the <?.n?,ysT;e under such circursstances could result in 
ah improved wash performance of r,he enaysii?. 

StAT.ed differently, it was tiour.d thar. chanoinq rhe 
isoeiectrac point , pl^, ot the enzyKi-^ in a direction to 

20 approach a lower also shifted the pK of optl»ar- vash 

perfor^arince ol tho crryrie to a iowcr , r-r-rnnng thar tr 

order to design an ens:yTT^e to a liquor of .;ov; rll, in which 

the ensyBiC is to b-z active, iiriprove«^ent in the vas^h perfcrKsan- 
ce. of a known subtilisin ensyme ^ay be obtained by jr.n taking the 

25 gsne for the Joiown subtil isin ensyme to obtain a sautant en^yr&s 
hay lnji a lover pX^* 

This finding led to e^jjserijnents ehowing that the 
opposite also is feasible. Meaning that a known subtil isin 
engyise may also be designed for use in high pH detergents by 

30 shifting its pl^, to higher values, thereby shiftit g the wash 
perforsiance pH optimm for the enayme to higher pH values. 

The present invention therefore in: one aspect relates 
to tautated ^ubtilxsin proteases, wherein the net electrostatic 
oharsge has been changed in cosjparison to the parent protea:^e 

35 at the gstho pH, and in which proteases there arc, rcXatxv<;: t,c> 
said parent protease., oither tavc-r or norr- pos- - 1 i ly-cha. rqea 
.«tr;ino acid rosid-ie;r' ^'-t.I 'or s.crc or feiver neaat \v«:ly"cna.!:qei 

amino acid resid\3a(s) ano/or fewer or ssore T3egati.vely-.jhi,r9i:d 



wom/mm 



amino acid residue (s) ^mong the arnino acid residues at any on^. 
or mm Qt positions 



1, 2 


3, 4, 6, 


30, xa 


, 14, 


15, 1- 


, IS, 


X9, 


20, 


21, 22 


24, 




36, 3? 


3S, 


40 j 


41, 


43, 44 


45, 


46, 


49, 


50, 51 


52 , 


^ 5;, 


"'4, 55, S6 


57, 


S8, 


§9, 


60, 61 


62, 


75, 


76, 


77, 78 


79, 


87, i 


91, 94, 


97, 


9S, 99, 100, IDl 


, 103 


104 


, 105, 106, 


107 , 


108, 


:K?9, 112, 


113, 


1X5, 


lis 


, 117, 


1X6, 


120, 


126, 128, 


129 


130, 




13 4, 


136, 


137 


, 140,. 


141, 


143, 


144 


, 145, 


146 , 


155 , 


156, 158, 


159, 


3.60 , 


161 


, 162, 


163, 


164, 


165 


f 166, 


167, 


10 3 70, 


172, 


3 73 , 


181, 


1'4Z 


, 183, 


184, 


1S5, 


im 


, 188, 


ISS, 


191, 


;192, 194, 


155, 


197, 


204 


, 206, 


209, 


210, 


211 


, 212, 


213, 


214, 


215, 216, 


3 1 7 , 




235 


, 236, 


237, 


238, 


239 


, 24 0, 


241, 


242, 


24 3, 24 4, 




247 , 


248 


, 249, 


251 , 


252, 


2 :"s 3 




255, 


256, 






261, 


;>f-.2. 


263, ; 


6 5 , 2 


69, 271, 


272, 2 7 5,. 



(pi,,) lower cx 
proteasie, 



3:0 i i ! prcv:.«ase has an isoeleccr.ic pH 

iaghf:r, resp^-ctiveiy , than that ot said parent 



111 a preferred ss^odiment the invention r^lstss to 
20 mutant subtiiisin proteases, wherein the NEC has been changed 
i.n comparisor! to tbe parent protease at tije ssjse pH, and in 
which proteases there are, relative to said parent protease, 
either £awer or saore positively-charged ajnlDO acid residue (s) 
and/or sore or fewer negatively-charged a^xrjo acid residue (s) , 
3S or eir,her were or fawer positively-cbarged amino acid resi- 
due (s) and/or fever or jnore negatively^charged asixno acid 
residue (ss! , aKong the a^Pino acid residues at any one or Ts^ore 
of positions 
1, 2, 3, 4, 14, 



40, 41, 43, 



lOB, 
143, 
206, 
247, 
35 271, 



17, IS, 20, 2-; 

2, 60, 61, 52, 75, 76, 78, 79, 
112, 113, 13 7, lis, X29, 130, 
14 4, 145, 146, 16S, 17 3, 183 , 
209, 210, 211, 212, 216, 239, 240, 242, 
251, 2S2, 253, 255, 256, 257, 



134, 



44, 45, 46 
.100, lOS, 106 
136, 137, 141 
185, 131, ■.92 



24 3 



24 4, 



248, 
27 2, 



259, 263, 26S 



^nd vheretey said subtil isin prr.r.ease has an 
(pl^) lower or higher, respectively, tbaii that 
protease « 



said parent 
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In ano-ther pr«:f erred embodiKient the invent ion rel at es 

changed in comparison to the par.:.r;t: p-o-sins-e. at, tb;T. saivui: pa., 
and in which proteases there are, relative to s^sid parent 
5 protease, either f®v?er or snore positively-charged amino acid 
residue (s) and/ or more or fewer negatively-charged amino acid 
residue (s) , or eit&sr more: or fewer positivaly-charged assino 
acid resi£ju®(s) aud/ar fewer or imore negatively-charg«d aiaino 
acid residu«(s) , asi<sn«f the amino acid residues at any one or 
10 Tsore of positions 

1, 2, 3, 4, 14, 15, 17, IS, 20, 2?, 40, 41, 43, 44, 45, 46, 
SI, Sa, 60, 61> 62> 75, 1€, ?S, 79, 91, 94, 97, XOO, lOS, 106, 
108, 112, 113, 1X7, 118, 129, 130, 133, 134, 136, 137, 141, 
143, 144, 14^, 1^6, 365, r?:3, 10 i , •lS;i, Jo-J, 192, 

IS 206, 20<', :-:0, ri:^, -i, .>4S, 

24"\, 2.I0, 2'\9, 251, 252, 25:^, 25t, ::~6, 2b7„ 2z3, 2r,?, 269, 

and at least one further jnatation affecting an airdno acid 
residue occ-apy ing a position chosen from the group of posi- 
20 tions 





1, 2 






0, 10, 12, 


14 , 


IS, 17 


, 18 


, IS, 


20, 


21, 22, 








27, 3C 


, 37 


3S, 


40, 


41, 43, 44;, 


45, 


46, 


49, 


SO, 51, 


52, 




53, 


S:4, 55 


, 56 


, S7, 


5S, 


S9, 


60, 61, 


62, 


75, 


76, 


77, 78, 


79, 




87, 


B$, 91 


, §4, 


97 f 


98, 99, 100, 101, 


103 


, 104 


i 105 


, 106, 


107, 


as 


108, 


103, 


112 , 


113, 


115, 


lie 


, 117, 


lis , 


120, 


126 


, 128, 


129, 




130, 


131, 


133, 


134, 


135, 


137 


, 140, 


141, 


143 


144 


, 145, 


146, 




155, 


156, 


1§8, 


159 , 


160, 


161 


. 162, 


162 , 


164 


165 


, 166, 


167, 




170, 


171, 


172 , 


173, 


181, 


182 


, IS 3, 


184, 


1B5 


186 


, 188, 


189 , 




ISI, 


192, 


194, 


19S, 


197, 


204 


, 206, 


209, 


210 


211 


, 212, 


213, 


30 


2X4, 


215, 


316, 


217, 


218, 


235 


, 236, 


237, 


238 


239 


, 240, 


241, 




24S, 


243, 


244, 


245, 


247 , 


248 


, 249, 


251, 


2S2 


253 


, 254, 


25S, 




256, 


257, 


259, 


260, 


361, 


262, 


263, 2:65, 


269, 


271, 


272, 275, 



and vhereby said isiibtilisin protease has an Isoelectric pH 
35 (pX^^,> lover or higher, t"escecr,i velv , tnar, th'^t of c^aid p'srenr, 
proteasse. 

In thase aspect-s; -hs^ i nver. d;-! in i^bort relates? to 
u-ur.nnn prctesses in which the pl^., ot the nut^nt protease is 
iower than, the pl^ of the pax~ent protease, ana in vhicn tne pK 



2S 

protease, ^atkI in vnich the pH for cr*-:,r ,5,a o^-.r pertcrT^anc-i- as 
5 also higher than tb-t? pK Qpt,r,;5«3rt £0.- t>- r. v-rerst, prot^;a^^^-■, 

It is generally beiievfrid (Thcisaa, KMi^^el.!,, and 'Fsrr,?ht, 
su^ra) that kinetic properties can he ii^fiuencsd fcy changes >n 
the electrostatic surface charge in the vicinity oi tne active 
site in the engyise, but it has nov} sjqrprisingly h&Bn found that 
10 changes in the kinetic properties of an enzyme can also be 
brought aboijt by jaodifying surfac<fe charge© rejaote frois the 
active sit«, 

Consequontlv t-^ inve-ir-on i& al«.o oonndared to 
3r ^^t^nt V i^tilasin ons^rss, w-«>re^n oT^e 01 rote A-sano 

a to^.a.««? ^ ^ dx«-tanc-^ of r:?-c than 13\ fron trc catal> " 
-t^c ^ ^ - " <-.^ -c -5 V, ; cr- •^'jrisrn the 

" " i ^ ct v.ay to 

pto ^ - ^ X. ^-o«^<^cti.c vo. n 



th. 



opcimuT^ s.}K-aic. a. |x>.-:abl.s tn- pH of the wash 

liquor, wherein se- id rsutant protease I« inr.end&a for use. 

22 Accordin*^ to several ©sibodlr-ercs of the inv!i:ntion; 

there are provided -mutant proteases and detergent conpo-^tions 
containing thejs, wherein the atsino-acid sequsx^ce of the ^nutant 
protease contains an insertion mutation at position 36, for 
exassple to insert a negatively-charged amino-acid residue (e.g. 

30 D or E) or a neutral polar residue {such as hf 0, or N) or a 
positive asnino-acid resiaue, such as R or K. 

This is particularly applicable for escassple to 
sijlstliisln proteases 30S and 147 and ana any other 

seqxjence for vhich the ho-aoloqy indicates that it natijrally has 

35 an arano-acid residue udssing at position 3<5 relative to the 
seq\jsi<.nce of subtil i sin B?t<" « 

Ins-:T:,rticn TBUtspts at position 36 can nave further 
rautations, for ex&tuple at one cr more of positions 120, 170, 
IS5, 23S, and/or 251, ana,''or at position 76, 
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•>":x;itable 3^v.ar,atJ.or!S at position 76 are e.g. negatively 
charged residues sach as H76D or 

5 Mutations at position 36 (especially insertion of 

negative or polar neutral residue) and at position 76 (substi- 
tutiop by negatively -charged rasi<3ue) can often havg stabili- 
sing effect on the laistant protease, and can be used in 
cosjbination, Mvjtations at for example one or more of positions 
10 12Q, 170, 195, S35 and 2S1 have beers found to be associated 
vfith increased ensysje activity. Even in cases where these 
latter mutations are associated individually vith &oxsiB loss of 
stability it can be acceptable an4 useful to co-mbine the«i with 
siutations at OJic or Loth c-i pociition?; :56 and 

IS 

Asnorsg usefxjl examples of such protease, jsutants are 
those having the following mutations f 



Uuder some conditions it can toe advantag^sows to arrange 
a further mutation in a mutant protease having an insertion of 
30 a negative aBino-acid residue at position 36 ^ to insert a 
pos^itive charge elsewhere in the molecule. This can increase 
tiie water solubility of the resulting mutant protease, e.g. 
where the further mutation provides a positive charge, e.g. a 
positively-charged residue at position 213, e.g. T213K. 

Accor^iina re- 1 nvf-~;t arin it, f: further preferred r,h«t 
tn'U n-jt.-^n:: sjibti c i r en.'vre repr^^se o nuuovuior. -Ji a parent 

r,haritIciAS, suDtilisAn 168, subtiiisin iijesehueri-Liopoptiaase , 
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sxjbhilisin Car Isb^^rg . subtilisi.n DY, subtirisun 3<>;, uiubl-:- 
iisin I..;, therr.>XT,;-\se, Baoillvs;; protease,, and protainnse 

K, pref erably sur/cXlisin -:u-)>'j , subtiliain 14?, s;ubtiiis.1n 
Carlsberg,- aqualysiri. Bacillus PB92 proteass., Proteass TW7 , or 
5 Protease TWi, 



Further preferred eiabodijiients comprise s\;si3tiiisin 
eiissyB0s containing orje or aore of the mutatlGi^sj 

10 E10F-fR19Q+B89S+E136Q-f]R14SA+DlSlN-fBa71Q-:-Ra75Q, QISH, 
QI2K-5-P14D-^T22K-fN43R-4-Q59E-fr/6D4-A9SR-^S99l)4-S156E+A15gt^-r?il72D'i- 
H173K-^T213R-^~N24SD■^•T^S5E4-S25&K■^S259D■^A272E, QX2R4P14D-fTa2R*N43B-^ 
Q59H■^K•76D■^A9SR-^S9^D■^SIS&E■^AlS8R4■A^7^D4-N173K+T2a3H4-Ka4SD■fT2^ 
5256K■^S259D^A272F., Q12K-f PI4D+Ta2K-l'T3SK-f N43R-f-Q09^4'.*l76D-i-^i8SR-^- 

1 5 £■ 9D ■ 5> r. Fn- A 1 5 ■;■ A .1 7 2 1 7 3 T 2 1 3 K t ?.t2 4 S D-i-T2 S SE^-S 2 56K-fS2S 9 -t- 

A •? 2 R , c i. r-; p i i>t:; ? r-; -t r; ^ r -.^ n 4 : h-;-: :> K7 e D-ASSR+sssrH-s is SE-s- 

-A 1 S R4- A 1 7 2 D ■^ K 1 '.- 3 K T 1 5 R -f - ^;• 2 A S D • :r S 5 r ~ - 5 6 K * S 2 5 9 D ^ ^, 2 7 2 H , Q 1 2 
P 14 D-T 2 2 K-^T 3 3 K -J- 4 FH- Q5 9 E-^ IH 6 D R r? c R - 3 ? 9 D- H { ? 0 D-r S 1 4 0 15 4- S 1 4 1R+ 
SlS6B-^AiSSP-i-A17 2LV^RR173k%-T-13B-^!!24^3D-iT:.;T.5E~S256K-^ 

30 Q12H-fP14 D-f T2 2H-r-T3 SKiN4 2 R-hQ2>9S-^!:7 H I 2 OD-J- 

S141R■^SI5 6S-rAlSSH■^AI7 2D■^^n/y3R*1213F/-^;24SD^T255E^S;:;56K-^■325?D4• 
A272R, P14D, Pi4K, P14K'*-*3SD, P14K-r>S212D, Pi ^ ri2^..Lv A. ,.K, 
A15R, RISQ, T32K, T22R, K2?P, K2/V, D32-<^, *3£.u, *3r>D-r?,i70y4. 
(3195E+K25XE, *36D+H120Df R170Y-i-G195E^K23aL, *36D-^Hl20D-5-?:170Yf 

25 G195E4-K235M253.B, *36D-«-H120I)-fO3.SSE'^K235L, T3SK, T3SR, D41E, 
K42R, N43K, H4 5A, ES3R, E53X^, E53CHK235Lv ES4G, E54Y, 
QS9E-f-H76D^A98H4S99D4Sl&6E4AX58H-fAl?2D-fH1735C-^T213R+H2 4Sf>:- 
T255E'fS256K4525SD4A272R ,D60i?, ES9S-fK2SlF, 'f91F, 

it94R, G97D, G&7D4H120K, A$§K, A98R, S99D^Ki4DK, E112T, 

30 H120K, H120D, H120D4K235L, H120D4-G1&SS+K235L, Hi20D4R170'^-5- 
GlS5S-*-K235L, H120D4R170Y4G195S-rK235L+K25IE, PI23D, B136Q, 
E13SK, Ei:5eR, E136Q4-S10L, H140D, N14DK, N140R, S141K, SI41R, 
F14S.A, SlroE, SlS6E+Al5SR+AX72D•^N173K, S156E+ A158R-fA172D-f 
N 1 7 3 K- T 2 1 3 R , SIS 6 E-J- Al 5 8 Rt Al 7 2 D-t? 17 3 K-T2 1 3 R^ N2 4 8 1) t T 2 5 5E4 

32 S2S6-8i-3253D4A272H, AX58R, AiSSK, x'167V, Ri?(?k', R170V-;0195E, 
R170Y *-K251E, Rii 70Y-yG195£-f K251E, P170Y--CJ vRe::^-K23;:L, YI" iL, 
Y.17:T, AI72D, >Rr73F, DX81N, H:ia4F, NIMR, rRuSSD. R186P,, V5.32V, 
Y192V,A, G195E, CaS5D, G195E-T2 1 3R, G195E4-K251E , CI9SE4-K2 3^.l,, 
D197H, DX57F, DX97E, Q2060, C'206E,, Y209L, T213R, T2X3K, Y214T, 
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V. Uto, ?D, K:^35R, Ka37B., 

S359D 

J s ^ . A272K, r27sq, 

K::7D~D120K, E54T, Kv/D, miQ^SOBD, >5D7D-T213D, 

S9SD SSSD+'-Sl-^D, D120K, 01. OK, D172K, T213D, ^iSlSD. 



5 l1 "^-- 
sco:j) 

S006) 
S008) 
S009) 
SOlO) 
sqii) 
S012) 
S013) 
S014) 
SOXS) 
so 16) 
SOI?) 
SOlS) 
GDI 9) 



S022) 
S023) 
8024) 
B025) 
BQ26) 
S027) 
S023) 
S029) 
S030} 



cojnprising one ox" 



BX7GY 

K251E 
HX20D 

E120D+G3.95E 

:T71D 



T71D-{-Rl?0V -^25 .-I 

T7 :i D * Rl. 7 0 if-ai 9 SE-rK2 5 IE 

:K235L 

in2Q'0'^C1 9':".K;fK23SX, 

G. 19:;..H;-K2 51E 

H . L 2 0 R 1 " 0 Y G 1 9 5E-h K2 .3 SL 

HI 2 OD-M^' 17 0 Yr C 5£i-K2 3 5 L-^-K2 5 IS 
*36D 

*3 6D-f-RI 7 5E-i-K2.51S 

*3 6D4-H1?.0D-Mil7 0Y^Gi95E-fK2 3 5L 

*3 0D^S17 OY+G IS 5^-^X2 3 K2 5 1£ 

*3 SD-eH12 0D-*'GlS5S-i^K23SIi 

£136R 

E89S 



S0315 
S032) 
SD33) 

sass) 

S041) 
S2Q1) 
S202) 
S3Q3) 
S204) 
S223) 

S224) 

£225) 

S228) 



S23S) 
BUI) 
CDOl) 
CO02:) 
C0D3) 
eQ04) 

cms) 

COOS) 

eoss) 

€009) 
GOlO) 
CS13) 



D197HfE2?lQ 

dis>7:k 

£2710 

* 3 6 D*H7 6 Dt HI 2 OD+0i9 SS+Ka 3 SL 
G195F 

K?6D-fGXS5E 

J?76D4-H170y'f-G19SE 

B120CH-GX55E+K235L'fK25X£ 

QSSE-i-H? 6D-^A9 9 9 D-f T2 1 3 K-^K23 S t-^^^:248D•f S5Et 

S2 sm-hBimm-m 1211 

Q.59 E-i-N7 6D4 AS SH-hS9 9 D+H 1 2 0 D . N ^ -i OD-v-S i 11 R*-K2 3 3 
N2 4 6 D-f-T2 5 3E+S 25 5K-f S S 590+^2 7 m 

*;h-:.^;-q=:.sbu4?c.d-*s,9£r .f^<>r-n.^o^ N'„ior "liii^ 

?'::L70VfCl?SE'-K;?';5L+:c; f -"E-,^ n-S-^i^ i ^2"^^^^ 

* 3 6 D- 0 5 V K: 4- N 7 6 1) A 9 S H~ c S H 1 C C H . 4 0 1 - 3 i I R 
£ix-&>::4-A158R-' A172D-^HI 73K+F235L K% 4ar~^T25Sr+ 
S2 5 6K+S2 S 9D-i-A2 7 2 R 

Q59E4-tn6D-i~A9SR*S99: > i> -^i-e^* 

A15SR4-Aa72D-f-3MI73J<~rK2,^ L-T-^S^ . S23fcK" 

Q206D 

A36Q-«-N?6D-^H120D-i-G195E'fK235L 
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10 In a fur~her aspect, of the invention the above observa- 

tions about the pi,, are further' wtiiized in a ■nethod for 
dsterjBiJiing 02^ y«;i«ct;inq the position (s) and the a?ilno acidCs) 
to be deleted, substituted or inserted for the amino aoid(s} 
itj a parent enzjyxse, whereby the seisction is performed in a way 

15 thereby the calculated net el eetro static charge («J3EC) in a 
resulting mutant erj^iysne has besn Ghanged lis CQmparison to tlie 
NEC in the parent BuzymB of choim calculated at tJse same pH 
value- 

20 Another way of expressing this principle covered by 

the invention is that the position (s) and the asino acid(s) to 
foe deleted, substituted or inserted for the a^^ino acid(s) in 
f- -id parent en;r/jRS is select£:Q in a vsy -whesn* y the total 
njnner of charges or total charg^n- ccrit.^T;;-t (=-TCC) , and/or the 

25 NEC in a resulting -sratart enzy?!!-B is ch:.5T:geo in a wsy to prcvids 
for a i-&utant protease havinq an isoelectric point i""pl.j 
^^hixted in the sarss direction as it is desired to shift the pH 
for cpti^Ti-n-a vash perf orsitance ci ti^c enayxfb;;, whic>i pH optisiusi 
should be as close as possible to the pH of the wash liquor, 

30 wher&in said jsutant protease is iTJtended for use, 

As indicated above th© pl^, of a mscromolecul^ such as 
an enxyme is calculated as the pH where the HEC of the siolecule 
is equal to zero. The procedure is exesjplified in the examples 
3S below, but the principles are described in ir.ore detail here. 

pK values are assigned to each potentiallY charged 
amino acid residtse. Then the ratio of the occurrence of an 
a^ino acid resxdne at a given pH in charged or uncharged foras 



PCryBIC90/Mlg4 

(charged,- j^-chsrgv'ci, 0/U(i)) is caicuiUvU for bctn neqatjA^e 
and pcsitivu- chcxrq&, by using the r rAJi >::i. i a ax5a lb; 

5 

C/U(i) « exp{in,,,j(pKj~p>-i} ) (positive ohaxx? ;-) (It) 

respectively. 

Froia forxsiXkls.& la and lb it is seen that at pH equal t^o 
10 pKf, c/nn) is equal to i, 

Theri the relative charge, Q^ii) > or charge contribu-" 
ties aliooated to each charged rssidue is caici^lated by using 
the fo»uiae llv'i and Ilfoj 

15 ~" c/U(i)/ (i-rc/u (i) ) (negative charge) (lla) 

Q^(.U 'UU;/ {.l-K.vu(l) ! (positrv--a c^harc?) iiib} 

■The pp valui? vner« the r.i.;;u the charco contri™ 

20 bur.ic5v.i f, tr-r., the cbarg^-.r; r<>isictjcs ^3 aqu^n to sero is found by 
Iteration or through in-erpolation in a suf i:icie.nrly dense 
pH'-charge sum table. 

2S The present invention also cc-j-aprises the use of the 

lantaht ensyises of the invention in cleaning ^nd detergent 
co3J5po&imons and such ssojaposition cojRprisiBg the 
subtilisin enispsea. 

Such coiapositions coKipris© in addition to any one or 

30 more of the SKUtant subtil isin ensysjes in accordance to any of 
the preceding aspects of the invention alone or in coisbination 
any of the usual componsnte included in such cosjpceitions which 
are %^ell-}<nov« to the person &3<illed in the art. 

Such co3^5ponents CDSsprlss bu\idet>:, s-ach as phosphate 

3 3 or :^fto:ir,-,: builders, surfactants, cucb: rraio,n.i r, cciu ionic or 
non-i;:^nio i?urf actants , poIy:^i;-rL- , such acrvl or equivalc/ot 

ning bleach precursors or activators, structurants:, s«ch as 



silicate structurarits . alKali or cicid to adjust pl-l^ huineo- 
tants, and or neutral inorganic salts < 

In severaj. useful ei«,bodiise;rst.s the detergent compo~ 
5 sitions can bs SorTsixlated as follows; 

a) A detergerst cci^posititJn forsoaiated aa a d^'t-orgerit 

pvV'Vder ccnt-alrsang phosphstc bcil;:Ioi , a^icnlc surfact~.nt, 
nonxor>ic surfacr,ant, "acrylic or e-rcj-, i--:: o.uyjr.er,- p&rborate 
10 bleach precursor, a!r,ino~cont,ainirig bleach act. ivat-or, silicate 
or other struoturant, alkali to adjust to desired pH in tasOr 
arid BSiistrcti inorgarjic salt, 

bj A d&tergerit cospositiGn forjaulated as a detergent 

15 powder containing zeolite builder ^ anionic surfactant, nofiionie 
surfactants acr;^ll« or eguival^nt polysaer^ perborate bleacJi 
precursor/ ainiTio-containirig bleach activator, silicate or other 
structurant, alXali to adjust to desired pE in use^ a.nd neutral 
inorganiG salt. 

20 

c) A detergent cosipo^Uuicn t~c>r;:.uXated as an aqueous 

de-ergsnt liquid conr.r isin.^ .:-r;-..o,o,:c i-,ir i.\u:uar;l , nonionic 
surfactant; humectant, organic acid, caust-ic alkali, vith a pH 
adjusted to & value between S and 10. 

3S 

d; A arr.5\rcfen- cr.-aroni t .; nrs j r.-rru': .its:- a nonaqueous 

detergent Liquid couipr iiS mq a liquid nonlonic; u-:uriactant 
consisting essentially of. linear alkoxylated prljnary alcohol, 
triacetin, sodiurs triphosphate , caustic alkali, perborate 
3D monohydrate bleach precursor, and tertiary amine bleach 
activator, with a pH adjusted to a value between about 9 and 

e) A 4eterg;snt: composition formulated as a aetergent 

35 powder in the $<m& of a granulate ha^^ing a bulk density of at 
least SSQ g/I, ei.g* at least 600 containing anionic and 

nonionic surfactants, e.g. anionic siirf act^Jlt :^nd a mature of 
nonionic surfactants witb respective alkoxyl at ion degrees about 
7 and about 3, low or substantially zero neutral inorganic 
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salt., phosphate, builder,, perborate bleach 
amine tei«ac.h activator; sod:lusi silicate, 

S f) A detergent co^spositior, forjsuiated as a detergent; 

powder in the tora of a granulate having a bnlk density of at 
least 600 g/1, containirsg anionic surfactant and a mixture of 
-ncnionic sxirfactants vith respective alkoxylaticm degrees about 
7 and about 3, low or substantial ly ^ero neutral inorganic 
10 salt, ssaXite builder, perborate bleach precursor, tertiary 
ajsine bleach activator, sodiusu silicate, and minors and 
isoxsture. 

vO- A asTiergent cosaposit.ic>-5 tor j".uiat*Kl as; a detergent 

15 powds-T ccntainlnc anionic suj: :\ivu;^nt , nornonic surfactant, 
acrylic pclyr-er, :;-tis- ;.c:-.j . ,^ ;o;iuin carbonate, sodium 
sulp!i3te, clay pari ;ioiv>;5 u-tr, or vr.itnout ansines, pernorste 
bleach pr?cv;rc.Di- , tertiary anlne bleach activator, sodiuisi 
silicaLs, and ri:-:or.'-5 ijnd n-oisttir^v, 

20 

5i) A detergsirL ccr.pcsi'caou formxaated as a detergent 

(soajs) bar containing soap based on pan-seponif led Tnix'turc of 
tallow and coconut oil, neutralised t-,'ith orthophosphoric acid, 
mixed with protease, also ifsixed '&?ith sodiujs fornjate, fcorax, 
25 propyXene glycol and sodiUKs sulphate, ana then plodded on a 
soap prodiuction lins^ 

j ) An enzymatic detergent ccisposition formulated to give 

a wash liquor pH of $ or less fe'hen used at a rate corresponding 
30 to 0,4-^0.8 g/1 s^srfactant. 

>:) An ar-y;natic d«terqer:r, composition formuleted to give 

.5 w^.sh liquor pH cf , r. or r^ore !,-;hcn used at a rate correspon- 
ding to D,4~0.S g/1 stsrfactant. 

35 

1) An enzyr.atlc aeterqent coi-^pcsi turn for;vu; -Mved to give 

a Sc;a53;r: liquor ionic st.r.^n«1:h C.^i or l-yea, e<q, o.02 or 
less, when used at a rate corresponding to o«4--0<8 g/l 
surfactant. 



and SDinc-T:! ana 



la) An enK.ymatic detergent ccniposit:; on forxtsuXated fco give' 

a vs'as'h liquor ionic strength ox 0-01 or •uore, e.cj, 0,02 or 
s^or«, when vis^A at. a rate correspon^Ung to 0.4-0.3 g/1 
5 surfactant. 
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10 It has ;;'urpriu'.ist9iy i^ii^n found that a decrease in the 

isoelectric pointy pi, and hence net charge of a stibtilisxn ty- 
pe protsase under washing conditions!, can result in not only 
an iJBpro%^ad wash perf orsiarjce of the ensiyss© but also an iisproved 
cosapatitoility with lipase ^ 

IS It has also beesR sijrprlsinglj^ fosnd that compatiisiliity 

of protease with lipase is influenced not only isy the pi but 
also b;^ the positions at vhich thsj charges are located reiati%^e 
to the acti-sre site of the protease: The introduction of 
negative charge or reiao^-'al of positive charge closer to the 

2S active sitG oives? stronger irsprovesient of coxspatibility of 
protease with lipase* 

Aci-iordingiy f c-srtai;; -;>r;ubodir><?nt& of the invention 
provid'ri c.nrv~:.t;5t.ic dcter^ienr. cr;^-;iv.'n>%i t i or!=>, c--'.r!py! f-;:.r.<.j lip.Hse and 
25 also coKpx ij5 5,;Kj ;uutat-;K-i Kubt.--K-5;) rrcuy^^s^; , wherftin th>.r net 

changed by insi-.n-tio'>, <i>;^letl-:>n cr s-ubcrr :.t'it.ioi; aixtino-aoid 
residx^es in coT53ip--ri5;;on v.o thf-. paronr. p^-or-Ta-c, and wherein, in 
said protease, there are-f relvitive to s3id p^srent protease, 
30 fewer positively-charged atnino-acid residue (s) ^nd/or siore 
negatively -charged ajsino-acid residue (s), whereby said 
subtiixsin protease ha& an isoelectric pH (pl^) lower than that 
of said parent protease- 

3S One preferred class of lipases |or s^icii use dri^lBates 

iri Gram-'negatiye bacteria > and includes e.g. lipase engyjaes of 
th^ grou^^s defined in EF 0 205 208 and 0 206 390 % both to 
tJnilever) , (hereby incorpsorated by reference) , inciudiBg 



rrcf«rro:; emfood jnsuints of ".;l-;.~^t ."i^bi, a pro'-r-a -c 

BnzyuB for uije in conjunctio>5 wiuh :.:-p.-^,-. o af or<=3:i r:!>iv--eF*5 
5 one or mor^ mutations r: , c^jte of arv-nc-acia v-«sUiue 
located within the rango o£ about 1SA~20A Ironj th*s act:ive sits, 
especially for exasipl© at positions 170, 120, or 1S5. 

Th& lipase can usefully be saaad in the fortri of a 
10 granular cojsposition, {alternatively a solution or a slvjrry) , 
of lipolytic enzyjss with carrier jnaterial (e,g, as in £P 25S068 
(Novo Nordisk A/S) and Savinsse* and Lipolass® products of Movo 
HordisX h/B), 

The added amount of lipase cars be chosen within wide 

15 lir.its, for exaiDple 50 to 30,000 LU/g per g™ of the surfac- 
tant systeni or of the detergent corsposition, 6,g, ofteji at 
1o-.5t ic; JU'-g, very usefully st least 500 LD/g, soJBstiaes 
prefer'-.My .,bcv.^ 1000, above 2000 LU/g or above 4000 LU/g or 
ivort, ^h.:r v,ir>- ofton vichirs ths- rang?;: 50~4C0O LtJ/g and 

20 possibly Vith-n the r^sngr: :>00~a00o La/y. In ~his specification 
lipase uri-irs- ars def inoiJ as they are in LP 25?N-'^rS. 

Tns lipDiyr,.5c en£yr;« can b^- chcfv-.-o Tier; a^vnj ^5 vA-Je 
rang® of lipases; in partioxiXdr r.he lipases dc-scrlboo' :;5 tor 
example the following patent sp.sc.- f :.c-Jt , r? r;4-.. Ci Olr-vo 

25 Nordisk A/S), EP 0 258 D08 dxnd espr.ciaily .lipases .sr..;j.,'xnq 
issiniinologicai crass-reactivity v.lT.h &nt.i.u:or:^ rijisv-^J against 
lipase froTi Thierrso^si^cesJ^^ ATCC 22 0 70, ep 0 208 

and EP 0 206 390 and especially lipases showing iiraunoi caical 
cross -reactivity with antisera raised against lix:.asc f.roiu 

30 SteSofoi^ttr^visss^jomr^^ NRRL or against 

lipase frcm ^Ical.ig e ^ ?L~S79, ATCC 313? i and fEm~P 3783, 
also the lipases described In specifications wo S7/0DS59 
(Gist-Brocades) and EP 0 204 284 (Sapporc Breweries) . suitable 
2n particular are for exajnple the following ccmrcially 

;'a ava,ii=^bla- lipase preparations: Novo Lipolase*, Amano lipases 
CB, r\. 3. A>.', M~AP, AML, and CES, and Heito lipases OF, 
and -Ki.., also Lr-tsrase^^ Mil, Lipo2yr> , SPS2S, SP285, Saiken 
lipase, £nscco lipase, Toyo jo2o lipase and Diosynth lipase 
(I'rade Marks) < 
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Genetic engineering of tho an?.y)i-!S;s can be achieved by 
extraction of an appropriate lipase, g^ane, the gena for 

lipase frojR Tharmomyces Xanuginosus or fross s sautant thereof, 
5 and introduction and expression of the gene or derivative 
thereof in a suitable producer organisjEs oXich as an Asiperg.lirras. 
The cechniq'oas daKcrifced in \\0 38/02775 (Novo Nordir>k h/S) , EP 
0 343 3 ?s^^ { -.^bcf \r>;.;: , LP 0 ZC& 452 (G&.nsncor) and notably £P 
305 216 (N;:'vc >;.>yj:sA k/S) or EP 0 283 07S (Sist-Brocades) 
10 3say be appxicci and ad?.rT-:.d. 

Sirilar coni;iaex\;t ic-na; apply r.utatis jr^utandis in the 
case of otncr >T.n?y^^i=s , vhich ti'ay also b© pres&nt- V?ithout 
iiisitatiorj; Ainyiase can for exaj«ple be ussd when present in an 
XS aiaoant in the range about 1 to about XOO HO (isaltose xinits) per 
gram of detergent composition, (or 0.014-1.4, e,g, 0,07-0,7, 
Ym/<s <J?ovo units) ) , Cellulass can for example be used when 
present in an amount in the range about 0.3 to about 35 CEVD 
units per grasi of the detergent co35?pGsitlon* 
20 The datergant ceapositions may f urthermore include the 

following usual detergent ingredients in the usual amounts* 
They may be built or unbuilt, and may be of the sero-F type 
(i*e. not containing any phr?r^>'"'J"'-5S"'~<-''~-''?'-'^£^i-2.n-? builders). Thus 
the composition may cont,;ir : a'>;-ft--v?a~,r-> f:>r exarrpie frosn 
25 1-50%, e.g. at least abov<t 5'; hn-l ofr.-:n up to about 35-40% by 
veight, of one or nKJxv: org?jni.- -sr.o, ..r iriorgdnic builders. 
Typical exar»pl&s o£ such bjilders inci'odiv. those already 
■sentionsd above, and s^^cre broaaly include alksli jTiet-si orthOj 
pyro, and tripolyphosphates, aiKali xt.etal carbonates, either 
30 alone or in ad^T.ixture with oaiclte, «ll;;.r.li n-etai citrates, 
alkali ^tetal nitri lotriacetates , carboxymethyloxysuccinawes, 
Keolites^ polyacetaicarboxylates- and so on. 

Fartherrciore, t,he detergerst coi^^positions laay contain 
Iroin 1-35% of a bleaching agent or a bleach precursor or a 
35 systeiii cojsiprising bleaching agent and/or precursor with 
activator therefor. Further optional ingredients are lather 
boosters f foam depressors, anti -corrosion agents, soil-suspen- 
ding agents,, sequestering agents,, anti-soil redeposition 
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a9.-:,ots, psrruTses, dvss, stabilising agents ior the ensiystes ar.d 



so on. 



Truv co:;;p;::.3i -cions can be ysed for th« xjs r-.'i^ijv:; ot: -;-a>;ti:ie 
SJaterials, espeoiariy bu'. wit>v;.ut li)..it-.t ion cctton arid 
5 poiyest^r-based textiles and -,.M.,r-,r. th-arscf, v 
suxt&hl^ ar«s for exaispl® waa-amg proce^;>3.- c.-irrieci out 
temperatures of about 60~65 dag c or l:-.^,.-r,. 0.9. abouu 
ao'C-SS'C or iover, it can i?® very suitable to u-;e the 
CQjupo^itions at a rats sufficient to provide about e.g, 0.4-o.S 

10 g/1 surfactant it^ the wash liquor, although it is of course 
possible to use lessar or greater cojicentrations if desifea, 
WithoiJt lisTsitation it can for exaispie be stated that a uss-rate 
froiR ai=.out 3 g/i snd up to about 6 g/l of the dstergerst; 
formulation is suitable for xjse in the case whan the £ormxl&~ 

m tims ar® as in th®: Bxasipies. 



t'^-.r^y .-netroo.i. tor in!:rcduc\r.v -.ur.^t i ens into genes are 
well kncwn in uhe art. Aft.?r ,1 br<> ; d-j.;cr.sion of cloning 
subtilis-in genee, jsetnodcs for 9<-v>ratl^^g jr^utatlons in both 
randoits sites, ana specific sites, withiti the stJbtiXisin gene 
will be 4iscussad. 



„5SH 

The gene encoding subtillsin may be clon,-...? r^on any 
Gras8-positive bacteria or fufjgus by various ^^^arhods, %^eXl kno^v■n 
in the art. First a genojaio, and/or cDKA library of cm must 
bs ccnstructea using chrossosoi^^aX DKA or Ejessenger Rl^A froK the 

30 organisjR that produces the subtil isin to be studied. Th^-n, :f 
the aisir^o-aoid saguence of the subtil isin is known, ho^sologcius, 
labelled oligonucieotide probes Tsay be synthesized and used to 
iden-afy stibtillsin-encoding clones from a genomic library of 
bacterial DNA, or fro-:; a fungal oOm library. Alternatively, 

•5 5 a. Jiabi?'i^;-d oligonucleotide probe containing sequences hoisolo™- 
ocas to su-Qti.li,;- in fro^« another ivtrain of bacteria or fungus 
c)i.id Ire cb.M a z>-o:c u-nt.iy subtil isin-encoding 

oiorses, issing hybrlai;:atior; and i^^^£hing conditions of lower 
stringency- 



Yet another s^et^hod for iderit.if.ying subtil is. In-pro- 
ducing clones woaia involve inserting tragrnents of g^anojaic DHA 
into an expression vector, such as a pias)^ild, transforming 
prc•tsase-^e':^^^t.iv^5 bscr,eria with the resyltlng gsnoraic DNA 
5 .library, and t,hen f-iauin;? the transformed bacteria onto agar 
containing & substraro for subtilisin, 3uch a^i skir: i.r.llk. Those 
bacteria containing sabiilis":J.n~bea.ring plas-i^id wili prodxsce 
coionies surrounded by a halo of clear agar, clue to digestion 
of the sfeim milk hy excretsd subfeilisin . 

10 

Ohc« t,he s\5t'ciiisin gene has toeen cloned into a sui- 
table vector ^ such as a plasj^ucl, several methods can be nsad 
to introduce random lautations into the gene. 
IS One isethod would foe to incorporate the cloned sufctiXxsin 
gene;, as part of a rstrievafole vector, into a autatpr strain 

Another Tsethod i^^ould involve generating a single 
stranded form of the sufotilisin gene, and then annealing the 

20 fragiaent of DHA containing the sufotilisin gene with another DKA 
fragment such that a portion of the subtilisin gene res\ained 
single stranded. This discrete, sing.l6 stranded region could 
then be exposed to any of a nusnber o" itiUtagenising agents? 
including, bar, not lis.itcd to, sv-oaiur;; is-ul.f its , hvdroxyiassine , 

25 nitrour> acid, formic acU;, ;v-r byd^^^;l.a^ine < A specific exaxr^pie 
•of rpiethcd lor Cv^n-nr';" 'i-.n:' r'.;ncVxr! KiUtaticns i.s; d«iscr.j.bad by 

Shcrtie and Nathans; .Free. Katl . Acad. 3c.; , tT,s,A., 75.; 

2170-2174) . According tc the- shortle and Nathons r>ethod, the 
piasiuid bearing the subtilisin gene %-;ould be nicked by a re- 

30 striction Bnzyv^^. that cleaves within the gene. This nici: vonld 
foft widened into a gap using the exonuclease action of DNA 
polyiaerase I, The resulting single-stranded gap could then be 
:ssutagenl2;ed using any one of the above Tsentioned xnutagenising 
agantsv 

3:5 Altarnativsly, the subtilisin gene frois a Bacillus 

species including the natural prosaoter and other control 
sequences could be cloned into a plasmid vector containing 
replicons far both B^„ooli and ^^..aiahtil.ls . a selectafole 
phenotypic BJarker and the H13 origin of replication for 



production of s,lngie~sr.rsnded plas;;,ici :)r;A u;: on suoer ^ r.f ?'--t- iop 
vith h^^pe^ phage ..-ll ^al ~ ^v, -oMa^Ji.i.. 

tho cloned sisfotiji-ln qene i~ a-n-'-s^e.; — h a rs^^ 

fragiaent containing vector set,-.;::,...- rot t,ho c'odina r.-g).on 
5 of swbtilisin, resulting in a gappe-Ji djpl-:x ?->:er;Ue< Mutations 
are introduced into the sufotilisin gs-ne eluj-r with sodluj^ bi- 
sulfite, nitrous acid or forssic acid or by replication in a 
3»utator strain of qoXI as described above, since sodius^ 
bisulfite reacts exclusively with cytoslne in a single^ 
10 stranded Qm, the Kiutations created with this mutagen sre 
restricted only to the coding regions. Reaction time and 
bisulfite concentration are varied in different experistents 
s'jch that fro>5i one to five niutations are created per subti- 
'-^-^''^ ^"^^'^ .hv^roc.-. Incubation of 10 Mg of gapped duplex DNA 
J-:? in 4 K :CH-Msui ;t<s< pH, 6,0, ror v minutes at 37 'C in a 
react".or vol-.no 400 , dear.^n---. -nont 1% of cytosi™ in 
the sine U.~.uranaed region, Ti.e coding region of stature 
subtili<?in contain;? sbout :;0" cy- ln«s . dor-^nding on the DFA 
strand, Auvanragecusiy , the- ie;iction tl-e is varied fro^a about 
20 4 minutes (to prodncs - ?r.ur,at.lcn frequency of about one in 2Q0) 
to abcut 20 jfiinuces (about £:< m 2C0) . 

After mutagenesis; th'^ :,w;.5t f: j •icult:-£! arc treated m 
YMsTo Vith DNA polysserase I (Kienov; j.r3gT5^£nr.^ to i^^ake. fuiay 
double-stranded ssolaoules and fix the .{sutations . Cojr^petent ^ 
2S sail &re then transforsjed ^.'ith the j^utaganiged DNA to produce 
an aH\plified library of mutant subtil Islns, Amplified isutant 
libraries can also be made by growing the piasssid DKA in a FiUt 
D strain of E. coli which increases the range for mutations due 
to its error prone DMA polyjnerase. 

'^'^^^^ jsutagens nitrous acid and formic acid may also be 
used to produce mutant libraries. Because these chemicals are 
not as specific for single-stranded DHA as sodiuia toisuifite, 
the iRutagenesis reactions are pertorised according to the f ollo- 
ving procedure. Ih^ coding port.1on of tne subtiilsin gene is 
25 cloned in Mi > r-age by standa.a -.stho-.s and ..ingle stranded 
phaqe D(.'A pr^jpa^-Si^- The singl--si.r .snd-r.d DHA is tnen reacted 
w-i.rn i M n.itroas acid ^>H. 4,3 for IC-c-O ^i^inutes at 23*0 or 2.4 
M forrsic acid for i~5 siinyte^ at ;?3*c. These ranges of reaction 
titses produce a Siutation frequency of from I in 1000 to 5 in 
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1000, After smtagersesis, a -universai prisaer is aftnsaled to ths 
1313 DHh arsd dijplex DNA is syntheaised using the jn^stagersiised' 
single-stranded DKA as a teisplata so that the coding portio« 
o£ the subtilisin gene beco-5^e.? ftslly double-stranded. At this 
5 point the coding region can our o\>t of the Mi 3 vector with 
restriction cn£;^;i?tes and l:lgar,ed Irsto an unjiiutagenised express~ 
ion vecuox i.=ic that mvJtations occur only in the rostriction 
tragiuent., (Myers et al., &:clenc.u: 223 5 242-257 (I9B5H' 

10 GE?:;£RATION OT SJTK p-RF'' 'Fr Xl^-iATlDNg IN THS SITBTILISIN . GENE. 

Once the subuiii^iu geho ha;: been cloned, and de- 
sirable sites for r^ut^tion identified, these rautations can be 
lntrDduc^3d using synthetic oligonucieotides- Th-ase. ollgo- 
n'vicleotldss contain nucleotide seqxsences DIenking the desired 

15 ssutstlbn sites; isutant nucieotides: are inserted during oligo- 
nucleotide synthesis, in a preferred method, a single stranded 
gap of Dm, bridging the subtil isin gene^ is created in a 
vector besring the swbtilisin gene, Then the s]^nthetic nmcleo" 
tide^ bearing the desired mutation, is annealed to & hamolo- 

20 goxjs portion of the single-strahded XMA, ^he remaining gap is 
then filled in, by DNA polymerase I {Klenow fragment) and the 
construct is ligated using T4 ligase, k specific exaripie of 
this method is described in Morinaga et al., (1984, Biotech- 
nology 2 J 646-63 S), According to Morinaga et al«, a fragment 

25 wnthin the gene is rercvod using restrict.! on ersdonuclease. The 
v-::cr,or/gene, r,.- ^ ,;-:xng a '-r.rp, is then denatured and 

hvbridi?.€d to c vc- ;;-:or, -jone: vn.K"h,, .instead of contairdng a gap, 
hat; boon cle.=sv.sd xvith anorher res'crj.cuio!i Ti'ndonuclease at a 
site cutfi-idc the are^^s invoivcct in tlv:> o-?ip. A >r>:ngle-s5trandsed 

30 reg-.on of tnc '<^.::i ^ho:* ctvai 1 -^b".':: for hycridii-ation with 

Ksutated oXigonucl":cr. i -j-.f. , tne reraininn gap is iiil-::rd in by r.he 
Kiexso^ fragment ct DNA po.lyr.erase I,. thy insert lone? are ligated 
with T4 tMh ligaes, and, after one cycle or repiicatio:o , a 
donble-stranded plasmid bearing the desired mutation is 

3S prodiiced* The Morinaga xsethod obviates the additional ranipula- 
tion of constructing n^w restriction sites, and therefore 
facilitates the generation of 3?>utatlons at multiple sites. U.S. 
Patent mmfoer 4,?60,,02S, by Estell et al., issued July 36, 
19BB, is able to introduce oligonucleotides bearing multiple 
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hov-ver, aa even greater V:-5ri«ity of sutation.; C3n .be introduc 
at any on^ ti;ne by the Hoi-inaori f;;::--.hod , bi::caui?e a rfiUl r,ituae 
oligoriisciaotides, of varioL's lengths, can ba IntroducacK 



hccordinq to the invention, a rsiutated subtil is in gsne 
produced by saethods described above, or any alternative laethods 
knovn in the art, can be expressed, in B-nzymB form, using an 

10 esxpression vector. An expression vector generally falls under 
tb« aetinition of a cloning vector, since an esipression vector 
Bs^aXiy incl\3des the components of a typical cloning vector, 
na^sely, an elejnent that, persviits autonoa^ous replication of the 
vector in a isxcrocrganisK independent of the genoma of the 

15 jrricrooroanisn, ^nd ons- cr rrrr- r.iienotvp:: c snarkers for ssisction 
purpos!::>-, A>. syprccsicr. v-?rrcr iriciudes; control sequences 
etic'-JIrKT a pro?^.ruar, o|:.-cr;.t-r c ;i -,. r^u binding site, trans- 
lateen initlat-aon signal, and, . iy , a reprssscr gsne or 
various .",ct Ivci-tior genes. To perj.iu che sftcr^tior- of x.hc r>x'~ 

20 pressed protein, nucleotiaes encodin-3 - "sionai Si5;ju-nj--' s.-^y 
be inserted prior to ths coainu sequence of the gene. ]-or ex- 
pression under the direction ox ocntr-1 at^quencos, a taraet 
gene to h& treated accordltv^ -..o the inv&r;ticn .is opsrably 
linked to the control sequences in the proper reading frairse. 

25 Promoter sequences that can be incorporated Inr-o plasmid vec- 
tors, and which can support the transcription of the ■■rvstaat 
sttbtiiisiR gene, include but are not IxTnitod to the proksryotic 
B-Xactamase prcisoter (Villa-xasiaroff , etai., i9?g, proc. ^atl, 
Aoad. soi. U.S.A. 2.S; 3727-3731) and the tac propter (DaBoer, 

30 etal., 19S3, Proa. Natl. Acad. sci. U.S.A. 8D;2i~2S), Further 
references can also be found in "Useful proteins frois recombi- 
nant bacteria" in Scientific Aiaerican, 1980, 245 5 74-94. 

According to one emtaodiJisent B..„..s ubtilis is transfor- 
Kied by an expression vector carrying the mutated Dm, If ex- 

35 presslcn is to take place in a secreting isicroorganisja such as 
1- .m^tllls a signal s&quence Kiay folic.; the translation 
initiation signal and precede the DfKX aequ-r.cs-. of interest. The 
s.ignal sequence acts to tranf::port ths= e>;-pression product to the 
cell -wall vhere it is cleaved frovx the product x^pon secretion. 
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10 BaCTE&'I>\L S'3^R.4INS 

^ Vfoti3a£ srd i^? are variants- o-^ Smll^- 

u 'Iw^&i.tea \v^ti th« HCIB '^nd acf^or^ed the <3Lx,ces&ior 

ntJ-5i5e s JJCB 0147 ana NCIB XOii)«, a c's'scr bed ^ > U S Tiite'^w 

IS entirety toy reference rser:einv 

^ -^bti IS L X ac>-ri bed i L ^ Ser^a. Ko 

035 txled Apr* 1987, cor <»<3rond rr to Publ, Ho 2^^ 

£2u also mcoipotc-^aa » reference ne and s ar aio 

trarsforn^Bt RUB 200 ^ith cl OTscsojaal tnh frotr ST 4 38 =i 

20 rporult tioB and protease xof c . *• rt r m obtained f ran D K„8 

^ \ . r - ^ ^ ! ^ r 

Vv,! Bici ^ f^. /^-^ ^ * > c n 4, ~ 

t < 5)"t od«f and -.s ai u=v,cx ir t S feeri«i No 

25 039 , 29S ,< 

r « ^ -V -* .51 . . s>^>"wQ dcu-v — ffutarv, 

i-^ Iv^^vikre and n_atrai protease , 

J.Sacteriol. 160 (25, 442- 444, 

PIASHIDS 

»SX50 ide c bed •'n D p renr ^poi^wdt on s!.erx«sX J?o. 
Oi** ««^8f a cJ ju r rpor^ate'd by eferen^^e i r^sei .) s a do ivctiv'-o 
ol plas^ia pDH 10*>o r Tan a<5tng the proijoto -o^erato ^, tae 
^ PVt^HlK*5 VTi P ae e mo tie S, s,^htiXi«^ xyl R gene, 

pSH.<3? {dcso baa n U C patent applicat or sc- al So 

"orT"^-' t t-ufc, Ol etc c retw«<. t o c^l rbvTc«- n gere and 
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vas qenarsti-a bv .ins.-rr,ln« the il,...C:Oli rrn B tersnixiator into 
PSa5 2 behind the prochysiosln gene. 

PSa65 {described in U,S< paterst ufyLiicat-ior; serial t-o, 
039,29a, CtU-!r<-) is a ^Jsrivative o£ piasfxid pDM 1050,, coj-'prisinq 
5 the promotor^-operator vp,, the B^mmilm xyn B gene, and the 

pSXSS {described in unpublished International Patent 
Application no, PCT/DK 88/00002 (NOVO IHDtJSTKI h/B)) is a 
derivative of pSXSO corsprising the subtilisin 30S gene. 

pSXSa was produced by cloning the subtilisin 309 into 
piasraid pSX62 (s.up.r.s) cut at cla I and Hind III, and Cia I 
filled prior to the insertion of the fragssents Dral-Hhel and 
Nhsl-Hind Tir iro-; the cloned subtil isin 305 gene. 

ps;:03, sh.>wn in Fig\ire 3, is puc:^3 (Vieira am Messing, 
IS 19B2, Cene 11.: ; 2 20-;.?6S) coisiprising a O.lKh Xbal-Hind III 
^ran&<jnc of the iubtilisin 309 gene including the terainator 

pSXil9 fd«^:->rrib<?d .jn urp-;b:is-h~d • r^torxja-cional Patent 
ApplicatAon no. FCT/DK B8/000«'^ (NOVO INDUSTHX k/S}) is pUC13 
30 harboxxring an EicoF.I-XbaT fragment of the subtilisin 309 g^sne; 
inserted into the poly linker. 

pSXX20 is a plasjuid v/her^? cne Hp;;- !:-iilndIII fragsicnt 
witii the s^Jbtilisin 309 gene frora psxss is inserusd inu.o 
EcoKV-Hindlli on pDH issi, in a vay vhereby the protease gsT-r.T; 
25 is expressed by the &xay K and asy Q proiaotors, pDN 1681 is 
obtained from pDK 13B0 (Diderichsen, B. and Christiansen, h. i 
imSf ms Microbiology Letters 56; 53-60) with an inserted 
2.85 bp ClaX tragsuent frost ^ ^Ml9.U.mi^m2sm carrying the 
amy Q gans with prosotor {Takklnen et ai,; 1983, J, Mol. Cheia, 
30 256: lOOTff.) 

pUClS is described ini Yieira, J, and Messing, J,: 
1982, Gene 19% 259~2&B, 

pUCi9 is described in; Yani^ch-Perron, C. and Vieira, 
.J- . Kfi: i ruj , .r , , j g s 5 , Oens 3 ;5 ; X 03 ~ 1 i 9 - 
55 pUBllC .s described in; Lacey,H-i:,, Chopra,,.!. (1974), 

Genetic studies c? a ir=u.l tiresifrtcvnt strain of Staph vlc coccus 
.Mireui>-. Med. Microbiol. ;• :-.-::-:?t and Z.yprian,^., Hat^ 
Kura.a. (1986), Characterisation of signals proiisoting gene 
expression en th<5 Stag?)vlococous aurei^s plasirdd pUBllO and 
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deveioiJisonf of C-ram-positiv v ^^xpsor^rcson vcc:t.or systaia, DHA 
5 (3) , 219-225 . 

mm. 

5 The ac.nos for t,he various sabtilliiins Vv?ere obtained aa 

referenCiKi in r.b-rj literature iucntioned abovKS. |>arfclcx-l ?^r 
the. genes for m-;? :^ao\.i,: .Isan 309 and en;;.yfr,«s v,"ero cbtainea 
a>r> described in urinuDli rhed irsternaticnai J;>atent. application 
no. PCT/DK 8a/ooo02 (Hovo INDI'STRI A/.-:), which is hereby 
10 inoovporated by reference in it;-, s-rntiro^y, 

A synth^tia gene was dssigT>ed based on the coding 
seguerice of the saature subtiXisin Carlsberg protease and its 

15 transcription terminator (Jacobs, M. Eliasson.M,^ UhIeii,H. , 
Floc;)c, J . -I , (1985) > Cloning^ sesqts^j^cing and expression of 
siitotiXisin Carlsberg xroia Baei llus I ichenitorinis . Mucleic 
Acids Res. 13 iZ4) f S9i3~asaS) , linked to the pre and pro 
coding sequences of the subtiiisin SPl?' protease (Wellsvil.A, , 

20 Ferrari, E.^ Henner.D.J., £staIX,D.i^, , Chen,l,Y, (1983), 
Cloning, sfeguenoing and secretion of B§.cillaa--a)l:XlSl.lSR?.gJ.g.r- 
c-xens subtilisin in Sacillus siubtlli a. t>j\iclei Acids Pes. IJ. 
(22), 7f-j i ~79;>S) . The gens: -wivs svabdivided into seven fragxrisnts 
in l-.-nq-:; r.^snniny ires.; 1 ?'> v.; 1 .i .5 b.is^.-p.;;irL£ sach fragTtisnt 

as b\iilt rhorvi.cai ly synlhcsiaoa oi inc." of 1& to 77 

rmc^^r-ldffis. The cvoriap bert-.'-;>f-n th<-: o.l .qca of tr.;e r/wo stranasj 
was optimised in order u.:; j-ac:j r,r?te o c;>.; step annealing at 
eaoh fragment (Muiicnbach,, G,T,, l-arriji, A,, Biacher, R.v;., 
Gtei3ner,K.S. (19S6) , CheTrdcal synthesis ano expression in Yeast 

30 of a gene encoding connective tissue activating poptide-IiX, 
J.Biol, ChS5s. 2€1 (2), 719-722). Each fragsssnt- was asseisvbXed 
and cloned in an Coli cXoning and sequencing vector. 
Sequence analysis of these cloned fragjjients was performed to 
conf irsa the correctness of the sequence of each frag^aent. Then 

35 all of tlie fragjEsents were asseisbled and cloned in the vector 
P0811O (X.ec®y,5^.V3. , Chopra, J. (1974), Genetic sttsdies of a 
B?Jltiresistant strain of Staahvloooccus aureus. J. 
?^ed, Microbiol. 7, 285-297) and brought into B. subtilis DBIDS 
(Kaw&S55ura,F. Doi, R.H, (1984), construction of a feasilXus 
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.tyM..Ul& double wat.ni i . . ; , -.err. .cxtr..c.:>l lul.-:.r .:;;U;ai..ne and 
neutral proteases , J . Bacuu:£ • o j. , i c: .'^ , 4-k:~ Irc-nscr.ip- 
tion of the gene was Irsltiatea by the Hp;;II prorr;ot-,?r oi tn& 
pUBllC) plasmia vector (Kyprian,£,, Mat.rura,H. u^i^^-o) , chauao- 
5 teriisatiors of ^signals prossoting gene expression on thes Staphv- 
lasSS;Sy^.^EiS3^ plas^sid pUBllO and development of a (Srasi-posi"- 
tive expression vector syste-D, ONA 5 (3), 219-225). In the 
process of the gene construction it turned oi^t tliat the longest 
fragst&nt {#5; 3X3 basspairs long) iieeded furt.her fragasentation 

ao (fragments #8 and #9) in order to avoid probletss with the 
assembly of this rathex- long f ragtrsefit. 

ThB astsino acid sequence deducea from the nucleotide 
sequence dl ff ers 'f rojn ths earlier publisbed sufotiXisin Carls- 
;bfcr j sequer.ce at positions 129, 157. 161 and 212 (Smith, B, L, , 

li" D'^Lange.K, J, , Evans, K\H,, Landon, 'o?> M^rkland. F.S, (1$6S) , 
S^Drliisin Carlsr^erg V. The co!«pie- > -^mi- o c::>airartscn vith 

(1985} coyid not be conrirraed in fhjs ca^-t. ol t.-s,« J^xlsterc? 
20 gene described here. 



The calculation of th^. iiiO£.lactr.i.c point of the 
subtilisin 309 wild type snsyise {SOOQ} is exeBplifisa below in 

2§ order to desicnstrate the praosdure tieed. The sawe procsdurs is 
oi course appllcabie to the cosiputation of any enzyme, whether 
it being: a mutant engy»s or not ^ 

pK -values were assigned to each potentially charged 
amino acid residue (Tyr, Asp, Qlu, Cys/ J^rg^ His, Lys, K~ 

30 terminal r C-terisinal, Ca^~*) , in this case the environiaent vas 
taken into consideration, whereby different pK vaXvies are used 
for the saise aisino acid residue dependent on its neighbours. 
The assigned valties are indicated in Table II. 

Then the ratio of the occ:.5rrenc:e ol ar, eirdno acid 

35 rfesi-Juo at givan pB in charyr.a or uy^cbarged for:^; (char- 
ged,' uncharged , C/Ufi}) was caicuLiteJ for botn negativin and 
pcsitiv?? charge, by using uhv^ foi-^iulae la ar;d lb, ri^-sspec- 
tively. In Tcible II this ratio is only indicated for pH equal 
to plj.> 
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Subsequently tl^s relative charg^^, QjC-i), or charge 
coxitribution aijocv^t-ed tc each charged residue \v'o\;- cj;loulatn:0 
by using the for~u.l«s TI..i lib; 

The pH vait^si where the siii^i of all. t,he charge contri- 
butions rroii. the. charged resitSues is equal to Ksro was found 
by iteration V 



mmsib^r of C/XJ(i)* g,(x) 




0.. ( 1 ) 




Residue 






p.. ...... 


pH 10.0 




Tyr 9.9 


3: 






-1.6? 


-1.?-; 




3 




0 , 00 


-0.05 


"0.06 


TfV 12. S 




31E-0S : 


OvOO 


--0,01 


"0,01 


l^p 3 . S 


5 


5, 3:1E*04 






"5,00 


Glii 4 


S 








-5. DO 




1 


2,00£fG5 




"l.OQ 




Cys 9 .3 


a 


1,.C!0E~:01 


0.00 


0.00 


0.00 


Airg 12 , 8 


8 




a . 00 


7,99 


7,99 


His 6,4 


? 


1-26E~03 


0 . 09 


0.00 


0.00 


L^fs 5. S 




S.OlE-i-Ol 


4 .90 




2,34 


CJalciua 20 




5.01B+X1 


2.50 


2 . 50 


2.50 


H~terst(Al&) 8 






0.3 3 


0,01 


0.01 


Bet charg© 






4.7S 


0.27 


0.0 



csiisulateS t&pBlpctrio point is 10,06 
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lis iMic^ted §bdv® and in TaSiXe II the pK va-ltie 
assign^sd t.p eacii aislij:p acid was diif f srent taking local yari^*" 
t ions in th« j^rivirojimeT^t into cGnsideratloh, This only resiiliss 
3S in an enhanced precision in the paLlculatlon, tout escpsrianc® ha^s 
shown tla&t constant: estisiatad pK values are helpful in showing 
in vtoat dir^otion the pl^ for a given mutant ensyijsa will move 
in co^iparisoh to th>s pl^ of the parent ensyBe, This is iisdi^ 



cated ir: "[II, v;here pl^^ vaiaes; for esti?T5at,ed pK values 



no. rr^utant en;;.yjna 



v^sr.in.^f re-Ci der..7ribed in detail be.!o-v have .bes;n perfor^ned. 
Ix^ Tabl" III ^cx re&idts frc-r. these t;;j;r.s using parent sn^y-u^ 
ana nutf^nt .^nxyir.es trois r^ubtil isln ?:>9 {designated SOGO, etc.) 



and subtil istin Carisber 



•'.atea CDOO, etc.) 



tabulated in order to deifsun^trate the correlatioTi between pi 
an<2 wash perforsiance at different pT, v,;iuss oi: the wash liquor 
10 used. In the washing tests a loi^ sait liquid detergent foraula-- 
tion of pH S,3 accoraing to detergent exasspXe D7, and a noriftal 
salt powder detergent of pH 10.2 according to detergent exa-rsple 
02 were usesd^ 

In *J'stole. Ill tbs results are indicated as relative 
15 results coiapared to t-he vild type enzytsx&s (SOOD and CGOO, 
resj>ectively) . Also, oalculated ai^d observed pl^s for the 
ensymee are indicated. 





CojBparati 




tests ai;. 


di£fere?^t »H 


values 




Mutant 


Si-, 










caicuXated 


obsarved 












8,3 


10,2 




SOOO 


10. G 2 


S.7 


1 


1 




SOOl 




9.4 


2 > 2 


1 




S003 


9,86 


9.4 


2 . 0 


1 






V. 


0.1 


3.« 


1 




SO 05 


9 , 7 1 


3,1 


3. . 5 






SO 12 


3 . 09 


s . a 


5,0 


0,6 




SO. 1 9 


9,09 




5.S 


0,6 




B02Q 




T.9 


S.8 


O.S 




S021 






1.8 


0,7 


15 


S 022 


a, 07 




9,0 


0.3 




S023 






9.B 


0.2 




S024 


6.86 






0.2 




SD2S 






6,9 


0,S 




SG27 






0 , 4 


1,0 


20 


SQ2S: 


10.28 




0,9 


1*0 




S031 


10.53: 




0,4 


0*7 




S032 


10 ,28 




0,7 






S033 


10,28 




0.4 






S03S 


S.07 




S.O 


0 . 6 


35 


S20I 






3 . 0 


0.7 




S202 






4 . 


0,9 










9,0 


0,5 




CO 00 












CO 01 






0 , 3 


1 . 5 


30 


CO 02 


q , 3 R 






1,9 




CO 03 






0,4 


1,1 




CO 04 






0,2 


1,8 




COOS 


S,38 




0,2 


1,5 



Fror, Tcibl«! Ill It. is seen that, shifting the pl^ to 
lov^er values (S'-series) provides for an i-jsproveiaent in w^sJi 
perfors&ance at low pH (pH«=8>3), vhereas an upward shift in pl^, 
(C-m^ri&B) provides for an iisproveiae-nt in wash performance at 
high pH CpH-10.2) , 



IP the paxent «*T)-v^o „..o.. i t . arq.xi 
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or neax to t.ie su:x ace of tUc e ^yre H(Oiccu\-=^ - ^ > - 

nmq tnc interna] strtictsro of tb^ paxenx en-^v - 

10 

The pwc'duro re-'atoc u t 'p^cal piuiiicdtion oi a 

Subtilis n 309 o£ rj-arst-- thereof, 

^~ ^"^I v.«ly <^ o.tj.es o< i:c;^?iertata.or> broth ^ere 

v«T,T:i\~^* o? v.- ' Ov' rt fc ^ > mnu^wss -j i lit**?* ho^sKeis The 
s«p^rn«taat:.-. ^ve-<;^ a^-^iuFr-o ph <^>,j> vicmg 10% ^icstic acid and 
filtered c.t E-mit:;. £v,pr;^ ;-^i'^c fii^&r plates, 

T.hc lilurates \v-^r.e. concent r a cf?d to c,pprojiiKateiy 400 

20 Kil using an kr.icor* UF r.nit. equipp-?o vith an AKjicon SiYlO 

UF cdrtrifig-. The UF conc-i^-,t rar vv-s centrlluoed anf filtered 
prior to -bscrptior: at rccr. npo-atx^yc cn a b,^ -^.t ^acln 
affinity colimn at pH ?. ThnJ pro"ve-;.=c va-^-- oJutec ^ro:;; tns 
Bacitracin ool'qrtn at rooss teiupr.rat jra >:;■>,:■■,:; ■~prov..«-<oi :;nd 

25 1 K soa™ chloride in a huffer i5oiuT:ion with o.Ol dir.s- 
thyigiutaric acid, oa n boric acid and 0.002 H c&Xciusi 
chloride adjusted to pH 7. 

The fractions with protoase acti'^^ity froiss tbe Ba- 
citracin purification step 'wara combined and applied to a ?S0 

30 ml Sephadex G25 coXwtsts (5 cm dia.) equilibrated with « buffer 
containing o.Ol dixsethylglutaric acid, O.a M boric acid and 
0,002 m calcitjis chlori^ae adjusted to t>H 6.5, 

Fractions with proteolytic activity froir, the Sephadex 
G2£ cclxr-n vare cojnbined and applied to a ISO ml CM Sepharose 

3 5 CL 6B cation exchange colu;;;n (;> dia.) eguiliforated vrith a 
butrer containing o.oi di^ethylglutaric acid, 0<3 K boric 
acid, and 0.002 M cslciusr; chloride adjusted to pH 6*5. 
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The protease was elutsd ussirsg a linear gradient 
0.1 M sadiiiss chloride in Z litres of tne s.-v^tO buffer {r--0,2 m" 
■sodium chloride in case of sub- 147) , 

co,nce.5-;trar.ed ii^ azi A/.^icn -.uTr.^til "ration cell esguipped with 
a GBSIPP rreFiDrane U^c-r- tae Danish Sugax* Factories Inc.)« 
Subtilism 'Si--.' and ;:r>.;t'.ints 

G.iy ;'s:oi))^ 

10 hxq 170 Tyr (R170'i (S0D3)) t 

Arg 170 Tyr -5- sly 195 aiu (S004))s 

iJf B 251 Glu eK2 5 IE ( S 0 0 5 ) ) ; 

His 120 Asp CH120D (SOQS) ) ; 

J^rg 170 Tyir Sly 195 Giu Lys 351 <^lti 
IS (m70Y-}-S195ErK5XE (SOIS)) : 

Lys 235 Len (SOlS) ) ; 

His 120 A^p ^ Qlj 195 Qln -f Lys 23S Leu {B120D-f-01§SEt 
K235L (S&17) ) I 

His 120 Asp Krq 170 Tyr -f Gly im Bl\X ^ Lys 235 
20 l.au (H120EH~E170^-i-S195E-s^K235I> tSSlS)) i 

Bis 120 A&p ?trg 170 Tyr + Gly 195 Glu -i- I^s 23S Lett 
+ Lys 251 Gl^i (H120IS-^Rl?QY-5~G195E-«^K235I,4-E25iE (8020) ! 

were purified by this procedure, 

25 

inEnu.CATigij....OF (xv!;-v-AyT) aUBTIt.JSTH CALLSi^IVr ""I- ^ ASEg.,, 

Fertrentation ;:iea.ia ver^^ exthc-r directly applied on a 
bac-irrsscir; af-riin^ty cciutn;, .5 cr iLlan ..v, err? oq\;ilabrated 
v/iuh 10 «iJJ Tris/KCi bU:."fer j.-'H flo-w rate iipprox, 500 Ji-il/h) 

30 or concontrated to 500 nl by mssns of a Hephrou:s; Andante H,F. 
dialy^ser (Organoii Technika) using a back pressure oj." 10-12 
p.s»i. and dejaineraliged water in the outer circuit. In the 
latter case tbe protease was precipitated frors the concentrate 
by adding 600 q/1 amiaoniujs sulphate. The precipitate was 

35 collected by taeans of ce;ntrif«g®tion and redissoived in approx. 
SOD sil de:^in®raXised water. The amiaoniuin sulphate v?as retsoved 
froT!^ the protease solution using the bsor® dialy^er as described 
above. The final volune was approK. 300 ml, %vhils the pH w&b 
adjusted to pH 6.0. The protease was eluted from the bacitracin 
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columns ,>r.er=t:or.<ru .^.r.ave) using a \0 Tris buf^or {pB 7,0) 
containing 2,7 M Naci and 18% isoprcpanol . 

After dialysis of bacir,r;-urln~p\.r: ; i , a or conc--ntrar,<-d 
proteas<s laaterial further purif .icaticn wo- a :x-c.;.p 1 IrhciJ by 
5 application on a CH~Trisacryl ion excharsg^ ccAu-o (5 c;v.. aii^ss 
* 15 ciii; equilibrated with sodiT.in jshosphate >;.h 6,0] uuing 

a flow rat® of 200 lui/h. The protease was eluted tsom the 
coiURjn with a linear gradient from c to c.3 K mcl (2 * soo ssl) 
in the pbospii&te buffer. Fractions cqntaining protease activity 
10 were pooled and stored at -20 *c in the presesnce of buffer salts 
after f reege-drying. 



All 35^isjnstcfc priu-ers were synthesiKed on an Applied 
3,5 Biosyster.s 380 A DNA synthesiser and purified by polyecryl- 
amid© gel electrophoresis: (PAGE). 

i:bs prctsolytic: activlt-v cl tha iratant en^ysr^es was 
30 assayed in order to drr^ t: ^^e ho- -.a:: -.ls c»i~.a\c;c .sctiv-.ty 
Of the ensysae was retainsd. Th^ deterrlnatio;^^: were psrxormsd 
by the diitsethyi casein (DMC) rsethod d'r.;T..-> it.-; ir. kovo Public- 
ation AF 220~-gb (or later editions), available frora 
Novo-"l<fordisk a/s, Bagsvsjrd, Denjtnark, which publication is 
25 haratoy irjcludad by reference. 

At 

Test cloths X 2.2cm), approximately 0,1 g) were 

30 produced by passing desized cotton {100% cotton, DS 71) cloth 
through the vessel in a Mathis Washing and Drying Unit type TH 
(Werner Hathis AG, Zurich, Switzerland) containiitig grass juice. 

Finally the cloth wass dried in a strong air streass at 
rooya tejsperature, stored at roosu temperature for 3 wee.ks, and 
35 subsequently ks.pt at -x?' c prior to use, 

containing 60 'ml of detergent soiuLion, The beakers are kept 
in a therisiostat water bath at :eo- c with ffiagi^etic stirring. 



wo 91/00345 l*Cr/r>KW/(IOii64 
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As detergent tne foXl>3Viftg standard liquid detergsnt 
was used J 



AS, B&rol 160 




IAS, msii 1169 /F 


10% 


Coconut fatt.y acid 


9% 


Oleic acid 


1% 


Tr i otha;! • o I aiaine 


9% 


Qlyceroi 


10-5% 


Ethanol 




Tri -Na-Citrat-aKgO 


0% 


CaCl • 2H5O 


0.1% 




1% 


Water frosj LAS 




Water f*o)« sgiycsroX 


1.5^ 




34.9% 



ThB psrceutages given asr© the jsarcentag©: of aeti^'e 

pH was aajttstea vitii 1 K HaOK to ©,14, The wat&r u^e.d 
20 was ca- 6* dH (German HaMness) , 

Tests v©re performed at enx^Jiae corscentrations of; 0, 
1,0 3sg ensjyise protein/^ ^rid 10.0 isg ensyK® protein/ 1, arrcl two 
andepe-ndent sets of tests vere perforBied far each of th& 
"^^:r,ants. The results shown in the tollowirig are iseans csf these 
25 t-sstss . 

The vv-astiincfy weve perrv,.rso'J tor u-0 jianatc-s, and 
subsequent to the v^ashinq the ^;l:;-„h^-> vcre ilue.h-Dd In tunning 
-tap-water for 25 Bxnutes in a backet. 

The clotns wore then sir-ariod overniahr fprotsscted 
30 again.-:--: dJi^ J i-_!:.t ^ ■- ■ ; thi- f;--ii i u't , F,, de-c&rrlTied or> an 
ELREPHO ?Q0O phor.oF>et,f.;r froi;! Datacolor S>h., Dietkikon, 
Switseriaud at 460 xm, 

As a meastire of the wash performance differeHtial 
resiission, delta waa used being equal to th© r^isiissiox) after 
35 wash with enayme addea Jsinus the re^dssion after wash with no 
angyjse added. 
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The ivash perforwance of various ir^ur.ants t;as uest.ed 
against grass juice stains:; cotvor. cloths accora.ir.a to the 
msthoct described above- 

2,0 g/1 of a co5n^,.,;:rcia.: ' Kprli aatc-y-.-nt v/as ussiicj . 

The detergent was dissolvsfj In a 0,005 M ethanola- 
mine buffer In ion-exchanged water. pH was adjusted to pH s,o, 
9,0, 10.0 and li.o respectively irlth HaOH/HCi« 

The tsisper&ture was kept at 30" C isothenr^ic for iO 

min. 

a'he mutants were dosed at 0,3S ing en;sy5ae protsin/X 

each. 



C; 

Washing tests using the dstsirgent compositions 
IS fexar-plilUed in the detergent eva-^plss belov were performed in 
a rainj wai:.nar r-tlixzing c-.fvc- .based cast cloths containing 
pigments, fat, and prc-tei.n {casein). The conditions were; 

" a/1 detergent D3 in 6'£H (French hardness) water at 
pH 8x3, or 

^) 5 g/'^ deterger^t D2 in ir> fH v^-er at pB 10.2. 

A^ter rinsirr • o,','yj,ng ixv f 1 ect ion az 4£C TsW. was 

^B:easure«3, 

Ths iffiprovejT,snt racu-^r <.;-i5 --^.i f.roai a dc^'n-re- 

spons© curve, and relates to the ar:!..ur.r c ■■ «;r.;2yiri.3 r^^;c.■ru^o; lor 
25 obtaining a given delta R value in coi!>pa risen t.o tns vvild type 
©nspae in qusstion {SOOO and CQOO) , jseaning that an ifnprove;ucnt 
factor of 2 indicates that only half the amount of ensyn^e is 
?ieeded to obtain the earae delta S val^te- 

Thf results of thsss tests are shorn in Table III 

30 abo-v-e. 



^5.reri~o^^"^.I tesrs of lipase stafc-.'Sity irere carr3.ed 
out; ior exn^-ple u^.-o t^.c lol.oin materials: 

3S 

^ a-- ^iqo'""" ' i. ^ ^ b ^ Z\ o ^ ps"^ > i i <.:i=''*''^„ <; lo'<^ 

actv,nty, -\n'-5Xij.l -nra* •110-;==; ^v-er^ rairie-' nut- vathcut 



t«£t uhe ef, i~cct t}-'*"; protsa^e on the r-;;"en~icr! of i ipas-e 

Activity, Wild-^-type proteaseei were tested at 20 GU/^vJ , ,ur>jr.--,r.ca 
proteases were tested at 0«5 Kicrogram/KiX . 



10 Bet©rgent Dii 

}k d.et^r«gent po^sa^r according to ®n awteodlinssTit C5:f "the 
invention co tax ' q phosphate builder is formulated tc 
coiitain; total active detergent dbout 16%, anionic detergont 
about 9%, nonionic detergent about 6%, phrsph^ste-ccrtainifiq 

IS builder about 20%, acrylic or equivalent po.v-e" about 3,S%, 
f alt -^-^-nat- v.->lv dovr to c>bout per^jor^:ite bicaco. precursor 

aboat >^ , a"* tern _iv't^> <,>,>Ov,vv, l?-;"!-, ^ »~ ^-^^ ' ^ 

ti^rnf t-'ve~ V up aboi^t 8%, ci.^yre ci vio srl ;;iycarc 
20 units, '--q activity v:xth ai};ali to aJ^us- t« d^sssirea in 

ana r^\jtr-dl inorganic salt, an^ enrtynes (about 0.b% each 

The a-'o a tcrgent is a mixtnro oi sodiums doao- 
cyl-£3en:Bene su^p..chdte dlt&rnativoly sodium l3 oar a Iky 1 -bar - 
m zi&n^-^&\xlpkon&t& f 6%, arssl primary alkyl sulphate The 
nonionic detergent 's an ethoxvlate of an approx. C13~C15 
primary aloohol with ? etho>£ylate residues per mole* The 
phosptoate builder is sodixm tripoiyplsosphate , Tlia poiyiaer is 
polyacrylic acid, alternatively acjrylic/malexc copolyyjer. The 
30 perborate bleach precursor is sodiusi tetr-arjorate tetrahydrate 
or nonohydrate , The activator tetra^aoetyl-ethylene-diamine . 
The strwctura t is aoditisa ailicat^. Th^ neutral inorganic salt 
is; siodiiiia sulphate. 

?he ensiyfses conprise prowcasc according to J^utant 
35 ..Iternativoly protease S003, 3004, SCOi: ^ COOl, COO", 

Ti. > , e005, COCSf S0I5, SOI-?, S021, S*,26, SZ23 , or 



Detergent Dia; 



5 & 

A detergent powder according to an esnbodLmerit of tiise 
invention containxjjg phosphate builder is forjnulated to 
contain; total activs: dstergent about 15%, anionic aetergent 
about 7:^„, nonionic detergsnt abo\5t 6%, phosphate-containing 
5 hQildar about acrylic or equivalent poly^ser about O.S%, 

perforate bleach prrarsor afcout 10%, ainino-oontaining bleach 
activator about 3%, silicate or other structurant about 61, 
prot&^se ens^yBse. of aboxjt S giycinsi units/Tsg grade, vrith allcaii 
to ad3Ui;:t to dssjired pH in use, ana ne.utral inorganic salt, and 

10 enxymei?; ; about 0.51 each engyjjie) , 

The. anionic dacerqent is sodiu^ii linear alkyl-bense- 
ne>-su;iphcnate. Tn^: nonionic detercisnt is an ethoxyllate of an 
approx, C;13-Ci5 pr-smary alcohol vith 7 etho>;yIatS! residues per 
^i^oio or 35^ixture ct this virh the corrosponding alcohol 

.15 ethok'y^atad to the extent of :■ residue-:; per -aiole. The 
phosphate feuiider is sodiu^r. tripolyphosphatn , The perborate ar 
peracid bleach precursor is sodium tetrabcratc tatrahvdrate. 
The activator is tetra-acetyl-ethylene-diamlna. The structurant 
is sodium silicate. The neutral inorganic salt is sodiutr; 

20 sulphate, Th^ enK-ysses comprise protease according to Mutant 
SOOl, alternatively S003, S004, S00&, COOl, C002, C005, CQ04, 

com, CqOSr SPIS, SOSlr S2S6> 

JJetergent D2 ; 

^ detergent powder according to an e^sbodirnent ot the 
invention containing seollte builder is formulated to containj 
total active dete.rgent about 16%, anion.ic detergent about 9%, 
nonionic di^tergent aboist Keolite~contai.ning builder about 
20%, acrylic or equivalent polyr^er about 3.55:, perborate blsach 

.30 p.racursor about ft-isu., air.ino~containi.n-^ bAe.,v-.h activator about 
2%, s:iiicate or other structurant about alte.rnative.l.y 
aown to .^jbouu 2,5%.. enzyme of about 3 (altern.=.tively abo'ut 15) 
glycine units/ --Ki grade, with alkali to adjust to desired pH in 
use, and neutral inorganic salt, and enaysies (about 0.5% &ach 

35 ensyme) , 

Tb« anionic detergent is a >:uxture c.v sodluiu dode- 
cyl~ben2ene sulphonate, alternatively ftcdius lino...ur alkyl~ben~ 
Kene-sulphonate, 6% and prisiary alkyl sulphate :;>■, The nonionic 
deterge^nt is an ethoxylate of an approx, Ci3~ci5 prii-^:ary 
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alcohol <,vith " -i-rhc-.-ylate residues p-uT c^cio:. 'Ih-S: ;:i5c'iite 
bj,ix>i-=n tvi:-*-^. A zs-c.l lra. The polyr^^ftr i.^; polv.icry • !c aoia. The 
p-::rboraa;.f= bieAch precursor is sodium tetrairsovat,^; tetr^jhydrar^s 
or 5^^oncnydrat.e, 'lh& activator is tetraacetyi-etiiyleT^ediaTriine. 
5 The strxscturanr is sodiujn silicate^ The neutral inorganic salt 
is sodium sulphate. The ensysRes comprise proteases according 
to Mutant SOOl, alternatively S003, S004, SOOS, COOl, e002, 
C003, C004, COOS, S015, S017, S021, S226, 

10 Detergent 

h 4etsrgent powder accoarding to «n embodimeyxt of th® 
invention containing laeolite buildsr is fonaulated to contain; 
total active deterg-snt afooiJt 14%, anionic detergent about 7%, 
nonionic detergent about 7%, aeolite-containing touiiaar jsbout 

15 25%, acrylic or equivalent polymer about 3%, perborate or 
psracid bleach precursor about ICl, smino-coivuainin-'j blei^ch 
activator about 2%, silicatv- or orner i;u:rucrur>^nr, abm:" o.f)t, 
er.zyrrte of about C glycine units/TRg grade,, with alJtali to adjust 
to do3;Lct^-i pH use, and neutral inorganic salt, and ensysnes 

20 (abonr. 0 ,5% each ensysse) . 

ne~sulphonate, the nonionic det.es:g<^=-nt is; s laixtars of ethoxyia- 
tss of «n approx, C13^C1§ priinary alcohol with 7 and 3 
ethoxyiate residues respectively per siole. The zeolite builder 

as is type A Esolite, The poiyiser is an aorylic/isaleic copoly- 
laer. The perborate bleach precursor is sodiuta tetraborate 
monobydrate. The activator is tetra-aoetyl-ethylene-diamine, 
■The structurant is sodiim silicate* The neutral inorganic salt 
ie sodiujs sulphate. The enssyisee comprise protease according 

30 to Mutant SOOl, alternatively S003, S004, CQOl, COOS, 

C003> C0Q5, COOS^ SG15, BQ^Xr m2&. 

Detergent D3 5 

An aqusous detergent liquid according re- an eiribod:- 
3S raent oi" tbo invention is forfsulated to ccntalr:: Dod&cy i.bwn-v,en^-~ 
"sulpbonxc acid 16%, C12-CX5 linear alcohol condensed vith 
iaol/-!!Kil :?:t,hyls5ne oxide 'Tc-, r,or!0'?"henclaTr',i 2i , citric :icid 
s;odlu)T! xy.lenes-uipbon.-rLe i- cdiuTTi hydroxldo about 4 , :n , 
proteassi 0.5%, isinors and water to 100%. -The pa is adjuuT-sd tc- 
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a value betveers 9 and 10. T,he ensjyBe is a protease according 
to Mutant S020, alternatively S015, SOIS, S004, SOOl, SG03, 

S0I5, S0X7, SOgl, S032, S025, S035, S201, S224, 

S226 or S235. 

A nonaqueous detergent liquid according to an 
eir;bod:i:-ki:)it of the .Invention is i:ormulati;:d xjsing 38.5% CX3~C15 
linear pri^f.-ry alcohol aikoxylated with 4,9 laoi/snol ethyle.ns 

n> oxide and 2.7 -oi/jnoi propylene oxi:lo„ S% triaoetin, 30% sodraiB 
triphosphate, 4:j, soda osh, 15, :.-..v;:,n;, perborate .rs^onohydrate 
containing ninor proportion of ovoborate, 4% TKBU, 0,25% EDTA 
of which 0,1-% phcsphonic acid, Aerc^^ii 0.6?,, sckc i?... and 
G,6% proteas-. The pH Is: .;5dj listed to a value between b and 10, 

15 «.g. about 'i'.a. The ensyinfe co-ipri^ies proteasa accordincr to 
Mutant SOOl, alternatively S00,3 or S004, S02X, S035, S201, 
SS2S, S226, or S3 35, 

Detergent DS;: 

^ detergent powqer according to an ejnbodiiReftt of ti^e 
invention is formulated in the foris of a granulate having a 
bull? density of at l^ast 600 g/l, containing about 2 0% by 
weight surfactant of which about X0% is sodxujjj do<3ecylbenzena 
sulphonate, a^a the remainder is a jftixtttre of Synpsronic A? and 

23 Synperonic A3 (about S.S% to 4.5%), and sero neutral inorganic 
salt (e.g. sodiaTj) sulphate), plus phospht^te builder about 33%, 
sodiuTr, perborate tetrahydrate about 16%, taed activator about 
4.5%, sodiur. silicate about 6%, and rainors including sodium 
carbonate about 2%., and 3r,oi;rt:ure content about 10%. Bnsy«iee 

3G (about 0,5% each onsy^j^e) are inciuded. The en-^yvfie comprises 
protease according to Mutant SOOl, alternatively S003, SQ04, 
S006, COOl, C002, C003, C004, COOS, COOa, S223, S224, S225, 
or S23d, 



3& Detergent D6: 

A detergent powder according to an ejubodirient of the 
invsftticT) is foriaulated in the forsi of a granulate havino a 
buik density of at least 600 g/X, alternatively about ?:;50 g/1, 
containing about 20%, alternatively down to about :l6%, by 



t , I- .u-i "~ of \vhxcn abc^ut" < * i-t'' s „i o^' 

^_ ■"Yi p >xo> t . '' a^d S -'nperonic A'^ (or bx-^.-Xh-^ etho^ivlates) 
-J {ro=-.pecT:isei > aroul 5% & a.^ ternativeiy about 4% a.nd 7%), 
and Kero r.outral ' orga^ac salr («.g. s^o^tum sxslph&t^) ^ 
zeolite buxla^r about 301, si terrjarlvely about ^5%. soiiu: 
perborate tetrahyarate, alternatively Bonohydrat*,, abexit \4% 
or 15%, TAED activates about 3.6% and minors ^ eluding Svdiu-n 
10 carbonate afootst or up to 15%, Deguest® *.04^ about o.?%, and 
iOirtti-s content about 10%. Ensey8!0«s (about 0.5% «acb entym®, 
or about 0.2% lipase and about protsdBC) included 

The enzyme comprises protease aocoramq to Hxjtant SOO'' , 
alT^ernatively SOO^, SQ04, S005, CCOl, C002, C003, C004 C'005, 

15 eoosv sa23, sa24, S235, or sass. 



Detercfent Dsa ; 

2 i ut St s~ oe J ( > ' t a ^^-^ i. - 1 ^■^ w 

ejea nde ' Sv pe^o A7 or sirsxiar otboxv ate, and «>ro esufc a 
moreranic salt (B.g. sodium sulphate) , plus g^oiite sjuxlder 
about 23%, sod utn perborate tetranydr^. te a out T 
act vator a out 7%, ana mnors inciudxng *5o5 -u carteo ste abo«t 
*s>%, Dequ*>st® "04? aboat 0.7%, and moxstute content a oat 
"en's^we^J {about .2%) include protease lutant v'Oi 1, alte at ve 

Y Sa0 5, rt04 iS005, CCOl, C002 coo , COOd, C005, COltg, 
30 Sa24, Sa2S, SSaS or S235, 

Detercjent d? j 

^ e*-» resent putwder viC> ordin-^ to ar "irb-a tb^ 



100%, The pH is5 adjusted to a value between 9 ana :io. Thp 
enzyme coisprises protease ?^.tjtant SGOl, aiternativeiy S003, 
S005, cooa, coos, C003, C004,, cooa, S223, 32^4! 

S226 or 
Detergent D8 ; 

A d*n:er9ent (soap) bar according to an embodiment of 
the inveT^tion is fonuuiated as follows: soap based on pansa- 
^ ^ ponified 82% tctiiow, 18% coconut oil, nmjtralised with D.15% 
.10 ortnophosphoric acid, >six«d with protease (about S GU/jRg of the 
bar cu;T.po-dtion) and mixed v/lth aodjinfi formats. 2%, borax 2%, 
propylene glycol asid soaiufr. sulphate it, then plodded on 
a soap prcducticn Uns. The en;3yn>e r,c«T.priso-> Migrant SGOl, 
alternatively S003, S004, S005, COOl, COO3, C003, C004 , COOs! 
15 COOa, S021, S025, S035, S201, S202, S2S3, S324, S225, S226 or 
5235. 



Detergent mt 

Structured liquid detergents can for cxa--i?lc> cont=^::,n, 
i?) addition to a protease as dcscrxbea hereir, .-i.-; non^o-i! 
surfactant, 5»4tH tola, suitactant, coitiprisi-ig ron^o-io a-d 
optionally anionic ?^urfacta>t, B^i:>% pbosphate^-or^ntainina 
non-phosphate corxaxninolvu^lder. 0 8% poly^t^eric -chicke 

25 e.g. cro*??i~lin]ked acrylic poly^nor vrjLth ovo 10^, at. least 

1. ..^.^dva-.^ sili.^at?, fe,g. as nei^tral waterglass, alkali (e.g. 
po;..^>.ia— c.^ta^ntno al>^ali5 to aa3ust to assired pH, pr,. fa -ab- 
ly v-ne v=:..e ox •upx.ards, e.g. abovf* pE 11, with a ratio 
sodiuu. cation; .i.c.to anion (as free silica^ fby weigh-.) less 

30 than 0.7.1, and vl3CO..:ty of 0.3-30 K.. v c and 20s»l) . 

valuable c-xar.plex cc.~.t,iin ;.nc.:^ :^^ -or.ion.ic surfac-- 
tant Cii~-I5 ai-rohol alkoxylatca vith ab^-ut b r.- qroups pa-- laolo 
and ',^ith about 2.7 PC grouo;:: par ^^i., , ^^.vu-ra: t-;j.t-r-- 

<uas:r. with J,? >--c>,bt rau.i. hctve^M-. ^ij ^^.^^ ^^^^^^ 

3b 13~J<3% KOH, &~23? STPS\ D~:i S ? ho;., carr --'nat^. , .-.s^ ^ 
941. 

Protease {e.g, 0.5%) ijiCiude?. Kutant SOOl, a.Itf*rna~ 
tively S021, S02S, S035, S201, S202, S224, S225, S22s"or 



Detergent m o 

A structtirsd, viscotis, aq\ieous iiq-uid detergent 
suitai:.je for laundry use is formiated as follows (% by 

5 weight) : 

Citric acid 2.5 
Borax (lOaq) 4 
HaQH 2 
Slycerol S 
10 C14-C15 Lin«!®r ailcyl-bengene- 

S!Ulphona.t:e, or C14-XS primary 
alcohol sisiphafe-^ 
Synperonic A3 

NQniorilc C12^C15 3B0 1. 2 

3iS Syrsparonie A7 

Hcjttionlc €ia~ci5 mo 3 . 6 

Proteases 0 < 5 

ao minors and water to IGQ% 

•T^^e pH can be adjusted tc- a vaixiV:: betwoen 9 and 30. 
Tbs ensyae co;r,px-is&s proteas--r; mitsnr Soao< alternatively S0:\9, 
SQ12, SOOl, SOO-3, SODS, 3021. S0:5S, SSOl, £223, S224 , 

23. , S22 6 or S23S . 



Detergent. 3X1 

An isofefopie at^eotis liquid defeergent suitable for 
laujidry us«! is formulated as follows (% by wigbt) ? 



Citric acid 
Boric acid 

KOH 

Ethanol 

N or. i orj i c sur f a ctarvt 
(C12-aicDbol 6,5 EO 

or sDdau- prir^ary a . c;;;hul sulphat© 
Oleic acid 

Coconut oil (012) yoap 
Protease 

jninorsi and wat«r 



2 
1. 
3 

4,5 



a, 5 

to 1001 



TJie pH can te adjusted to a value between 9 and lo. 

Thfe sKBYSie oojaprises protease Mutant B020, alternatively SO IS, 
S0X2, S004, SaOl, S003, S0Q5, SQ21, S025, S03S,- S201, 
S224, S22$, Cir SS3S, 



Detergent DX2 

i^n agueous liquid dete:rg®nt oo^sppsition is fosrmuiat^a 
to contains 





sodiujR alkyl-toenssene-suiphonat® 


14>5 


as 


CIS sodiuis soap 

Nonlonic detergent (C12~I5 6EQ) 


2 




Fatty acid (oleic acid) 


4 , 5 




sodixjin alkesnyl succinate 


11. 




propanediol 


l.S 




sthanoi 


3 , £ 




sodium citrate 






Co-mpl&xxng agent e-g, tJeq^est 2060 


0,7 




Br o tease 


0,5 




Amylase 


Q.l 


35 


SodiujB chiorid© 


0.5 




lainors aM vater 


t0 lorn 



The pH can be adjiisted to a value between 9 and 
Th® ensyitse cosipriees protease Mutant S030, alternatively 



wo ^1/00345 FOyOK§0/GOt64 

SDl2r Bmi, S003, SDOS, S02i, S03S, S202, 

Sp3> Sa25, or S235. 

Deterg&rit Bi3 

5 An agu^<3«s li<|uid detergent, composition is forpulafced 



t6 eontaihi 

non ionic detergent 6»SE0 is 

Oleic diethylaiside 10 

10 w^ttY acid (eis/cis ?ssas) la 

isodiusi citrate 1 

trietiiarsolamine S 

15 Deques;! 2060 Q , S 

Frot«^se 0 . 5 

Amylase o , i 

jKittors and wate^r to iOO% 

20 The. pH can bs adjusted to a value betv-, v ana ID, 



S012, SOOA. SOOlf SDO:-, S02I< SC3::;, 8201, 

$Sa3 ^ S226 or; SSSS, 

2S Det©r^<sT5t 0X4 

h. oon-axpiepus liquid detergent co^ppsitiqn is 
fojrMulated to contain (% bj^ weight) ; 
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laqu-a rohiorio deL«jqe-t {ClC~ir, C,?FO) v4i% 

a$?gnos»xujs oxide stiijili&or i 

i2aiGi.T3ia carbonate feisllder 8 

bleach activstQr TkED 3.S 

^"e-u-^h prs^cursor perborate Tscnohydrate xo.5 

parciy-bydrisphobxc silica 3 

10 protease 0^,4 

lipase ^Lipci.ase*') .3 
5T5xr^ors or addxtxonai. 

IxguisJ Ronionxc sux-factant (no water) to 100% 



i-^ It* formialati ^cf ti „&. cc^rpcs 1 1 c - th< „^^^ld ^"o^si -xoic 

6!ur fact ant and tr acetiB aic adaod f:^^sr, tcl„Dv<ad by t/-,- 
maars®. -ur, oxxd-.', tbet^ the other i^gredi^-^tis except ciiEvne. rhr 
nisftiire sailed in a col*o d m 11 a d cooled, md frinally thss 
en y-TP^s) an3 any otber heat -sens xtxv« nino-s arte ^(j^ded. 

20 The sri2;yiaa comprises protease Mnt ant S020, alterna- 

tively SOX«, S012, S004, SSai, S005^ S0?1, e025y SCt3S^ 

S2S1, S223> S224, S2aS, ^aS6 or 

Also usable are arsy one of the detsrqent forisislations 
35 descxibod an:J exeipplxtisd » EF 0 OiZ 177, 

Also usable are detex-gent formulatiorss exeTjtpiif isd in 
zr. ^ ^ i'?;, n conjunction with mutants as tot detet-g^iat ©3. 

30 

cum-. sm'TiMsin j.m.3mM. 



- .a^ _ . ^ .i.^lv, L.^--"^,^ '^ne fol loving 

Ql <. ijs.„ Ov»-< ^ - t^oauu-xng the isutatlons: 

?i 2'~3«0£ ••na.&rd prire^*, ^'"i vLiqb also 

ne-»-a~fi- >1 Sad restriction r^r.j 
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5' CACACTATSGC-CaCAGGGCr'JGACATTGTCGCACCA-:^.:- ' 
Sad 

S b ) &r.s....l7 0... Ti-r ..iM 7 0;f , j:S 0 0 5 

A SS-SJer saisssatch primer, Nor-5?7, vhicfe destroys a 
Haalll site; 

SCTATCCGGCCCOTmTGCGMCGC 3* 
XO Mar-577 3* CGAmGGCCGmmsvmcOCTTGCG 5* 



A iZ^tn^i: laismatch prisjer^ j«or™73$, which fS-fes troys a 
SphI site; 

S» AGGGMCmGGeATGCI5.GGrfGCTi?JiTTTGA 3* 
Kor-73b 5' A<SGGAACAaTGGakTCG!^CCrTGCr/^Ji'"^TG?i 3' 



Xisol site J 

J?pr^7S^ ^' MM?CCGC^C^^imM 3' 

25 

L ys 235 hB^ fi23:5I, fSOlSI ) i 

a Wtl sites 

5* OCCCTTGTTAAACA&A^^GMCCCA 3' 



t) ?^gf 170 Tyri sly igs jsiti miio 

A qopfcxnatipn of an<l ?f<5r~23? was iserformed ii? 

25 aftstlisgY wtth the aJso^fS. 



9 ) Sl^J 5„,GiuX™?JX_SI«™±^ 

A coiubiT^ation of Nor-S^? and Hor~736 was perfoosed in 
analogy yith the above. 

» Ma-J2.0.JSirj_M3...2m^lu (mi oy ?. Kg 5iFW.gmjjjj^ 

A cosabination of l4or-577 and was perforiued in 

analogy with tfe© above. 



A coabir5at.ion of Hor~23?, and Nor»?36 wss 

pertoriued in arsJogy vnth the above. 

3 ) iLly.....i.Sl,Jli_u;. LiV.5L-iJiL iifeiLj^^ 

is <^ cor,u-n--icn of Nor~237 and Nor-856 vas perforjjied i« 

analogy with the above, 

A coBbiTjation of Hor~577, Nor~237, an<3 Hor-856 was 
ap perforssed in analogy with th© above. 

i?l combinateion of mr~735 and No»~^SS >?as pesrf in 
analogy with tJie afoove, 

25 



A cojnbi nation of J^ar~735, Harass?, ana Nor~8.56 was 
perforsTied in analogy vitb the above, 

3 0 

JM2omMloiimiMilM2SL....iM122j. l 

A combination of Hor~735, Mor-S??,- ^^or~a3 7, and Mor- 
856 vas performed in analogy with the above. 

35 

1 .■.giu„{lil 2 00 ? R 17 0 Y ? Gi 9;S£.; xa.;L:iL:i K :mvi.:: i£01oi; 

A oo^Bbination of Nor~735, >;or~':-77, nor--:;37.. Nor-SSe, 
and Har-'iie was psriorssed in analogy with the above. 
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and Fesssmq, J.s 1<*82, 259-2^8) h^rocn-^^rq 0,'" kb 

XJoar-H^naXI-^ tragment of the sutatiiibi?^ 30-^ including tre 

terTBiKator inserted xn the polylxnicer. 

Fo^ the iBtioduction of jactations thf H-t^^^w^-ta 

10 part of tb« enzyiae the pl^smd p^'S£I19 wa& used pSX219 is 

harba\.rxng an iScoSI-Xbai fragrsent oi ths subtii^sirs g^ne 
xrsertcd into thfi> polyli«ket , T^e templates, pSX «i ana p&XTl^ 
this cover the *^hoIe O"*" th^ subLxlibXU 30Q gene. 

^lai« 5 '^^> a pla&nid wh^^'^-e tbe HpaX— ^xnJIII 

15 frdgnon w t rbc suiti^i u 1^9 a«ne fro^ wSa8» i m ctr c 
into C -r J o>i , xn a <ft ? v --e r^i o-*-eas>« 

a«*rfe: „ \£ riu "-hfe F — \ v ? ^ ^-'-w !>■<:„ 

1., o " x-' -^o- :>t\ „ (xM-it-*-^ r&fe B a ""^>• t =^5 , 
L ■^R'' Micrv,^ io'3 Tetters - i ?' vn*-?- 

i s V s « ^ t ""JN Cii ^ i'^ ) C B-cl 

. H -.v.v''„.. ) u co-^st >^wv,„o p*^\ 1*5 c^**- lied m 
Fi^. 1, a^howmg that prNit>Sl x& cut W3.tb BooRS and Hindi II and 
psyss \rxtr^ H^naXII and Hpai, ^bet ©after Ixs^atxon ies«lt;3 in 
C'^ psX120 regulated by the ary M ano a^;^ Q pronotor& 

Four furtne- plasr^ds pSX170, pSx:! ??, pSXl -^nd 
t>SXi86 were constractstd tot gapp&d duplox xatjtaaenes-^s o*- the. 
subtil isirs 3 Q§ <?sn&? 

-p<5}vu.''«!: Sphl~i?pnl, ^00 bp from pSXl.iO anserteo into pre 1» 
3D Sphl-KpnT fror asfino ^cid rebiaiif^ 170 in jraturo 

sufetxlisxn: 309 to t©rmiii.a1tor, 
r>SX172 Sc»RI~Sp^3■ ISbO bp from j,SXl?0 i i - i-^ - J 
OK '•phi ~rv,j ^^^^ pro-^otei to a uuc' c„d t c^d^ 
170 In Tsature subtilism 309, 
3s; ~psxi73; like ryxi7o, j-ut with cn-n:-". 

HincI-EcoRr, froffi aifiino acid res:duf ^ r,c aT.inc 
residue 206 in Tsat-ure subtilisin 309, 
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Figxire 2 sheik's a sorsewhat aetail^d restriction jsiap of 
PSX120 on which it is indicated which f ragis?«;nt.s were ussci for 
the construct;ion of plasxaias pSX170, pS>a72, pSX173, and 

pSX18 6, 

5 Tr.e luutatlon a) was perforraed by catting pSX93 vith 

Xb-al and Cls r as indicated in Figure 3 and described in the 
section ''ammBATIOE,,OF_SlT|Li>IRECTED MtTTATION-g IN THE SUBTILI- 
SIH GEKE" vxr.d. an unpublished International Patent Application 
no, PCT/DK as/00002 {NOVO rnnusTRi A/S) 
i<3 Mutatxor^s fc) , d) and e) wore perfortasd corr'i^spcnding- 

ly foy cutting pSXi/O Py sphi ana Kpnl. 

Mutation;? L) and g) ^^c-re perlor^^ed as abovs- . bat with 
pSK 1.7 3 in ste ad of ps x i ? o . 

^5utation c) wa?; p-rrcrr.ed corrsspondingiy by cutting 
15 pSXiS6 by FstI and Ecg]RI- 

The isutations h) to o) were constructed by comnining 
DNA fragments with single or doiable mutations b) -co g) using 
the restriction sites Hhel, Xbal, Clal, Avail, and Kpnl as 
appro:g^riatBi 

20 Further siutants were prod\sc:ed using similar methods 

or general m^tiiods Jcho^n froin the literature. 

For certain exdur.pies of ajutatione in subtilxsin 
25 Carisbsrg roontioned in rhifr frpeci^ ication the following changes 
in the nucleotide sequence of tho g^-Kivr: were introducedj 
Asp 14 Lys (D14K (CODl)) (GAT -> AAG) 
Asp 120 Lys (DI20K fC002)5 (GAT 
Asp 140 Lys (D140K (COO?); {OAC AAA) 

30 Asp ;U Lys t Asp 12C Lys (DX4,l<'-D120F {€004)) 

Lys 27 Asp iK2'^u (C005) ) (AAA GAT) 
Lys 27 Asp - Asp 120 Lys {F27D-Di20K (C006) ) 
Asp 172 Lys (D172K (COOS)) (GAvC ~> AAA) 

Asp 14 Lys -r Asp 120 Lys5 -i- Asp 140 Lys ^ Asp 172 Lys 
3S (D14K-i-DI2aF<:-i-D140K-i-D172K (COID) ) 

¥al SI Asp (¥§-10 (ClOO)) 

Gin 54 Thr (E54T (ClOI) ) {GSG ~> ACA) 

Glu 54 S'yr (E54Y (CI 02) J (GCSG -> TAT) 
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These changes were intro(Suced i^y ci-ie.nqing tlvu v;x>rj:.;;— 
spostding oligos in the trsgTsersts concf=;t'rsed , 'i't^e t'rectnp..-s of 
the rsew sequences was confiriaed after which -the criqindl oi igos 
were repi^.cud r-y these new seg'u&nces and asssTsbled into nsv DhiA 
5 t'jrag-sei-ts. Finally the frag^nents were re~asssr.bled into the new 
suteisilisin Carisfeerg gene. 

S«fes«sg«ent to :seg««nce confirmation of the correct 
10 station the tautatad DNk fragments were inserted into plasmid 
pSXSa or pSXiao, which were used for producing the ^autants* 

Plasmid pSXS2 is shows in Figure 4 and was prodijced 
by closing the Sub 309 gene into plasmid pSX62 out at GlaX, 
filled in with the Klenow fragrsent of DNA polymerase I and cut 
15 -with Hind III prior to the inssertion of t.he fragments Dral-Mhel 
and RhoT-Hi tv'lXII f.ror; the oionsd Sub 30'5 gene, 

Tc express the rr^utants tne ~;uLated f roa^rc":':." 'Xb^ri"- 
Clalf Xbal-Hin-JIII, or EcoRI~>:;:>ia;i wexx^ cxcisea from the 
appropriate jrsataticn plasisiid pSX9;i> pSXil?, p;->;i.'0; pSXl'72, 
20 pSXl?3, and pSXlS6f respectively, and inserted into pSX92, or 
pSX120 to ofetain plasisids capable of expressing the various 
mutants . 

The r.utated pSX92 or pSX12D were then used to trans- 

25 The transformed cells were then spread on LB agar 

plates ^ith 10 JsM phosphate, pH 7, Sfig/xsl chloramphenicol^ and 
0*2% xyipsa to induce the xyn^protsoter in the plasmid. The 
piates also contained 1% sKim Milk so the protease producing 
transformants could ha detected by the clear halo where the 

30 skim mlk had been degraded. 

After appropriate grovth the mutated engymes were 
recovered and purified* 

FERMENTATION OF THE SUB TILIS-:; CAkLSBERG SPECIKS 
35 In order to produce protease enzy.ni» on th« b?.u~i:" of 

the sxioroorganisas carrying mutant genes for BFN ' as described 
abo^^e, a Rushton-type ChersOferm fermenter vas generally used 
with an eight flat blade ia^peller and a working volujue of s 



won/mm pcrmMmm^m 

tie &vifsr;^ lo alations --t ana ''c--i£>ve1 of 

a) A c-'ss'-arte ^ont-oU<»> ^t^pe 4 -^r^Zd Be 1 .< ^ov^ell ) 

£ Th r s dotts to prevent ciooraea <;X^a^»i9i filters, 

o) A toam trap on the gas outl.>l jsa^Se f ro-^ ZO i. suction 

■vt-a&el having anti- oar on i;he bo-to? 

c) A coGlMia water ^acl^et without sesl^ c^^de* to 

prevent center nj^t^on th^ coolircj i or t^i^- 
15> watar dram. 

^) """^ ""J^^^t) e-Nla-u. t filter i*- (Gs.ln<.n acxo £0, 

s) Sajnpling via a sampling pu^stp desvi^e sifitfe & s&^Il 

internal yoliima, 

15 

Controls 

Gas flows v.'or^? controlled using luass-flow aeters 
(Brooks, type 5852, ranos 0-10 1). 

pH was controllM using a Hartmann and Biraun trans- 
20 -mitt&x arsd a Philips controller (Witrosjat) . Concentratsa mOK 
(3M) was used as a neutral tor. 

Exhaust gases were analygesa usii^g a nnor 4H {eo2) and 
an Oxygor 7N {02) from Haihak, Westinghouse . Oxygsn tension in 
the jsediujs was deterroinea using industrial polarographic 
as sterilizabls oxygen probe (Xngold type 322756702) . 

The F<edium temperature ifras jsonitored using a FTIOO 
sensor and a Honey%vell tojnperature controller {class 84), 
Fcajning was kept at an acceptable: level using a contact 
electrode, while a level switch activated an anti-foair^ dosage 
30 pimp . 

All external controls were put under the control of 
a Hewlett Packard jsiorocojBpufcer {HPa20) . 

euitivat iors cond it .Lons 
3S Tn-i^ xnocula were prer-arso by incubatir.g e shixxM .Clfijr?: 

culture at, 30'C for I6h at 250 rrm in « rotarv -.baker il.H 
feryasntation, type MKk) . 300 ki1 inoculum was i^aed tcr SLy^eiiusu 
.being conditioned at the actual fermentation conditions- spH 
7,0, ZO^C, air flow 3,5 I/8\in, stirrer 1000~15l:o rpB;) . 
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r ^ 5 -^s '^tt a" 5 or ^ t ri^<^\ " it " i 

r.iai i Amoaors.ii. i<-<io!xts.- i<none Pouienc) x 

5 ProauctlOB of subtxlxsin protease 

The- ^TOtant) prot«iass«5 ^^(^^«* ptoaxiceil u-^ j>a tie E 

uT^aer qsne construct ior» The culture ^edi\«ip oons^sslss ot q/1 
WClj 4 <g/X KH2F04' 4 g^l K21-<^04 ? 2 <?/'' \&Cl< 1 cf/1 
10 Ma<;04 3H«Of 10 g/I yeast ©detract j 40 q/i. sucrose ; tsrt and 
sterxlx^ed 45 rsar at 120 C, After sterilisation, .r-a mq/^ 
trvrt ^ f 35>g/i n^onycxn wrr* added, F!.rn€>nt=4ti»*i& >;^ej:fe 

srcspotr- 21. " 30 hoars* Tne med^a were cleaied from ccX^s 

bv ce.n~c:r,i f iliation. 

PROTEOLYTIC .2^CTI 1T\ v■(T-^^ f >■ R 

I r^t-f-Ni^ *-v ^ ^ !, us -iUtanr.s; was tested 

ag>5,'ns>t c<;se..ri ^.z ^-i ot« r i»!u;5&t»ut>- ^.^'ccrding to t,h-?, DMC 

?0 J'ro"- -che wdbx^: it &ee'> w^av. * atax^t (S005) &x'.hibits 

A &.*io;htl>' ^nhaticea activity cotipar^d t j the parent (.^^0(h:)) , 
vn<vrra«- the r!;?mairipg -jutarts oxn-\bit, a sXlgbtly decreased 
activity, 

as TABLE IV 

Prcteolytic Activity of isuta nt subtx liglns 

Mutant Relatiy® Activity 



None (SOOC?) 


100 


so 01 


95 


S003 


90 


S004 


S5 




X05 


S006 


100 


so;i2 


80 


SD.17 


90 


S0I9 


70 


S020 


75 


S024 


70 
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T.h-= vsrash perforssanca of various mutarjts in tbe 
st.undca;d .liquid :^ete,ra-jnt: of pH a. 14 vay tested In a 3?!odel 
syr>t.e» agaiVist q :;asT::: -l\l^o^^ .^ccordin-? to the methods detailed 
mmm- '^^^ results are present:ed in tabls V, 





Table 








Delta R valuea;; 






£n2;ys?e Conceni 








1.0 mg/1 






sooo 


4.0 


10 


v7 


SOOl 


5. 9 


X2 


.S 


S003 


6,0 


13 


.S 


SP:(I4: 




13: 




SOI 3 


4.2 


9 




S019 


10.S 


19 


.4 


so2;o 


f>4 


18 


.5 



20 Frois the table it is seen that all of the tested 

rr.utaT^ts exhibited i-«proved or equal wash performance coispsred 
to the viici type parent, cngyms. Tfe® u'ash performance of the 
xtravsnr,;? £-;oi9 and S020 is iKpro%'-ed so that 1-0 of these 

enxysne;-.; roughly ctateo should able to replace 10 «0 xug/1 cf 

2 5 the- wild type parent enzyme, thereby indicating a substantial 
5 iv.K-i; r.e.nt .-.n the wash performance for the isutant &nzyn(^s of 
th-s iiVvent.-.or:. 

Bt 

of the invention in the isodifiod ccfamerci-al US Liquid deter- 
gent at various pH values In a j!so<3el systsiu are shown in Table 
¥1. 



Was 






at 






t pH * s 












£; .1. t 


R 








pl^ pK 


S , 


0 






If > ■;• 


J. .i, ,. V 


sooo 


10 < 02 


1 












SOOI 


9,86 


2 


. 1 




0 


6 , 6 


14.0 


so 03 


S 8 6 


2 


. 3 






b ■ i 




SO 04 


S> > 68 




< 1 






li . 7 


J. V . y 


















SO 12 


S.OB 




.7 


11 


9 


13, S 




SQ19 




6 


.4 


10 


1 




3 .7 


BQ2Q 


6.7X 


7 


.8 


10 


6 


8.5 


2,4 



Th-e results sfeoW cl.sari)/, that, shiftirs^ th© pi of |tB 
is ajizyme in a ^Jxrectio^^| where it i,;s desired to sliift. th^ pH 
Dptisauja f or tiie wsb pisrf ors>anS0 of tfeiS ®nzyma to approach thfe 
Gf the vasiJi Ixqi^or i&prpyes the isifgish petrfQ of tba 
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The wash performance of various ^sutants was tested 
against grass juice, stained cotton cloths according to the 
irsethod clescribsd in Assay A. 

2,Q q/1 of a liquid d^-::erqenu ( L>ev,wruie7-:t 5^3} usecK 
2S Ths detergerit vas <Ussc-lvc« in ion~c>;cn.u-.«-i:d sva-xxr, pH vasx 
adjtssted to 9.1 wltln Naoh/jicl, 

The temperature was kept av. A'"-' C : sctjitrrp^lc ior 10 

ssin. 

The iBUtants was dosed at 0,25; O.S; 1,0; 3.0? 5.0; and 

30 10,0 mg ensym® protein/l each. 

The sta&ility of the jautarsts tested vas aetersd.ned by 
measuring the denatiarstion tesperaturs (ssaxissm esecess heat 
capsaity) bj differential scanning calorisietry, DSC« The 
heating rate was O^S'e/min, 

3S The stability -fefas tested in a solution contairsiisg 

®ppro.x. 2 sig/sil of the. iiiutant in Sl% standard liquid detergent, 
the cojisposition of which is described in Assay A, The solution 
was jsade by niixing 100 sil of Bnzyisxe solution (approx, 20 x&g 
«sn3yK\e/3sl in a buffer of 0.01 H da^^ethylgiutaric acid^ 0*002 



results; obtained U3u .itr c .„.tor" - 
obtained by tcad:Lr lonal nt^ora-ie stjihii ty "asts. 



Results 



Ths wash performance af various rsutants in liquid 
10 detargent is presentsa in Table VII. The resxilts are showtt as 
iasprovement factors reXsti%?s to the wild type parent ensyms. 
The improvement factor is defined as in Assay C. 

Alco shown isi TabX« V2I is the denatiaration tesnp&^ra~ 
tare .;,n ercw-vi;)ro Ii«uid detergent by DSC, and the difference 
15 between the denaturation tenpsrature of the wild type patent 
ensyme and that of the ujxjtant in question. 









Xtapx-ove^rsant 


Denaturation 






20 




calcu- 


factor 


teiaperature 


ter;-p- 








lated 




by DSC 


by D.^ 
tive 


to sooo 




B 000 


la.oe 


1 






Q.O 




a 020 


7*30 


7>5 


5B>2 






2$ 


S 021 




1.3 


m.2 








S 022 




9,3 


Sl.S 




-3,3 




S 023 


8 . 05 


8.8 


S3,S 




™1.7 




B 024 


6 , S 




6Q>6 








B Q2S 




6»? 


69.1 




+3.9 


30 




S.07 


7,0 


?2<.S 




+7,3 




S 2di 


8.S5: 


lv4 


69 V 4 




+4.2 



Frojr. Table VII it is seen that all of the tested 
.m\-tants exhibit rrriprcved wash perforir^ance ccy^parea to the wild 
S typ-T: parent -j^v.ry r:,.- , The best wash pe rf c.r:nancfe is schieved toy 
the 3V>utants having pl^^ eqvsal to or ju:T;t btlow the pK of the 
:wasli solxitioHv 

Denatnration ten^pssratare by DSC shows that the 
stability of the single autants s QZi (*36D) and S 201 (N76D) 
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is ir3cr<::ase.a by 4,0'-C and 4.n-C respectively relative to tbe 
wild r,ype parent exxzyme-- 

?>i\xono. thr; :;fi\3t.at ions t:,hat, are xncorp.^-raut;:^ lo one cr 
inoxii: c r t,he TAur,<:,r.tts listed in Table V3 I it has been shov<'n that 
5 t-he ;iiA;tdt iOiSe >; and K;!?S?!,E destabil.i",e th;;= Ss^atant reiatdve 

to Uie vil-:; typo, parent sn;',yise, whereas thii. ^vut-ations; H:i20D, 
G1S5E arid k;::55L Is .indifferent v/itlj £-t;:spe.rT: t:.o ."t?.5bi;Hty . 

It is seen froiu Tafoie VII t±tat siiitants- contairsing one 
des;tabl l-iziriQ r^urauiou axe destabi} j xed, aven in oases^ vfher« 

10 a stabiiisjing mutation is incUiaed, 

The stabilizing effects of *36D and m&D are additive. 
ThlB is shovji fcy the mutants S 025 and a 035 . B 025 contains 
three M-utations which are Indifferent to stability and the 
stabilising mutation *36D* The denat«ration temperat-ure for S 

15 025 is increased by relative to the vild type parent 

ensyme, which is equal to the increase measured for the single, 
mutant *36Dj S 021, S G3J? cohtains the siaKie mutation li576D, "She 
dehaturation teisperature for S 03 5 is Incraase^d by 
rslativ^i to the wild type parent enxyme,. Nvhich, w-irhin 

20 escperimental error, is equal, to the .sun of the increase 
measured for the sirsgie mistants *36D, S 021 and H76D, S 201. 

E; 

The wasp, per £or;viayv;::e oi! trhree. r.ur.anrs Vv-as tested 
25 against grass juice s^tslnrrd cotr,on ciouh according to the 
method described in .^^--.^sv 

2x0 g/1 of iiguid detergent d: was used. The detergent 
vasj dissolved in ion-exchanged water. pU was adjusted to 9*1 
with NaOR/HCX. 

30 The tejsperature t<?as kept at 30 *C isother-5?ic for 10 

jnin. The s?utants were dosed at 1.0 and 10.0 jsg enavixe protein/l 
each. 

Hesiilts 

3S The wsh p^r£«rs)rarjce of th^rae jsatants in coxrmjercial 

UB~il«3uid det^ergsnt ^as tested against grass jaioe. The results 
are shorn in Ta^ble \^XII. 



mitB R values 



S QQO 

S 004 
S 006 ■ 



pi. 

10, OC 

9.75 

9.54 



From 'S&blB VIII it is s^^ii that all the 3ai5*antfs 
exhibit impxmBd mm^: p&rtommm relative to the wils t^^® 
parent ©nasw. it 4^ further that t|ie best performance is 

acbie^ea by the: mutant haying pl„ closest to the pM of the i^asb 
^oXution- 



The vash psrf orrsance of two mutants -^as tested against 
s-tsinfad cottoji cloth according to the conditions 



describ«sd in Ex=5:mpls E- 
IResults 

M<i.B tested against grass juice 
results are shown in I-able ik. 



ts; .u- detcrgcrsl: 03 
cotton Cloth. The 



calculatca 

10.06 
9.m 



Delta valuer J 
En-'-vTe concentratio 
1,0 mq/l XO.Ortj: 
»>S 15.3 
20.0 

17-0 20.? 



all t.f the auteiBts 
^ive to the type 



r..r t on^vrr It tv;u,er u.. t .ne seat pcrfonrance is 

u-s -a b> thru j«Uv.v^nt .,a^nnc» p> densest to t^e pH of tl o vast 

solutviors. 



The wash perfox-ssancs; o£ various isutants was tested on 
grass juice, stairssd cotton cloth according to the ^^^athod 
descri.bad in Assay A* 
S 2>0 97 i oi detergeiU". D'3 was; 

The dfttergenr. was dissoiva-::! in buffer {0,,(jO;::> M Boric 
acid and 0,001 K disodiuss hydrogen phosphate prepared ir^ ion 
ezchanqed xvacor) > pH vas adjusted to 7,0 , 8.0 , 9,0 f and 
10.0 respectively i,^it.tt NaOH/HCl. Tha tsisparature was kept at 
10 30"C isotbaodc for 10 sain..- 

The Butant:S were dQsei^ at O^a mg enzyaie protein/l 

each . 



Ke^ults; 

15 Th:&^ wasii psrf orjfiancfe of soiafe of the: ehayma variants 

of tiie invention a:t various pji; values in a snodel systeis are 
showo in tabie 



20 Variant Mutatios Delta H 









pH 7 , 0 


8,0 


9.0 10.0 


SGOO 




10, 0« 


5 0.6 


0.8 


4,4 7,0 


S015 


K235L 




1 , 3 


2 . 4 


5,0 B.S 


S021 


*36D 








5-6 8.3 


S017 


H120D,GI95E,K23£L 


0,40 




5.4 


10,814.1 


S025 


*36D,H120D,H170"X, 












K235L 










SD23 


*36D,H120D..Ki7eV, 


















13 , 0 




S024 


-^36D,,H130D,R.^ 












G1S3E,R23SL,,K2£1S 


5. 86 


9.4 


10.4 


6.7 4.B 



I'h^a results In Table X show slearly? that shifting 
the pi of a protease towards the pH of the vash liguor 
35 itsprov&s the wash perfonnancs c-£ the protease. 

The results also show, that all variants testeiS have 
improvad performance coujpared to the -wild type parent ansysse 
at pH below 10.0. 



The wash perforisance of varicxis siiitants was; tested 
on grass juic. st^^ined corr.or, cloths ^ccorcling to the s.ethod 
described ij^ Assay 

2>0 g/1 of liquid detergent m ..v.r. ussd. The, 
detergent v^as dissolved in o,O05 H glycine s>rep'.r-::a ir. ion- 
exchanged water). pK was adjtssted to 10,0, 10.25 , 
10.75 , II. 0 , IX. 5 , and 12,0, respectively, vlth K.^OH. The 
t&siperature vas kept at 3D*c isothersic for 10 rainutes. 

The stutants were dosea at 0,3 mg enzyme protein/ 1 



each 



sho\-n\ in tabic 
pi than the iv: 
rang;;- frcr.-. j^H 



than in prior ex&r^plss. 



•a,3;h parforxasr^ce of some of the en^yae variants 
j-.t various? pH valises in a model systeis are 
>::. ;n r-h-i?. case vsrianrs with slightly higher 
■■! tyo-=- parent enzysne was investigated. The pB 
V. ;s2.o is investigated in ruore details 



variant 


l-lutatien 








Delta- P. 














10.0 10.25 




BQm 






10.06 






ms 


:S03? 


mm 




10 , 2 S 








S02S 






10,28 






10*6 


SO 3 2 






10. as 




4.7 s.a 


10.8 


S033 


E271Q 




10, a a 








S031 






10.53 




4.7 ?,2 


7.0 


Variant 


Mutation 








Delta: R 










pH 




li.O 11.5 


12.0 






10,06 


12. 


^ 1^.^ 10.6 


3.8 


S02 7 


EoSS 


10,28 




14.3 1^.« 


5.0 


S02S 




10. 


2 8 




14.4 1C.7 


4.6 


SOS 3 


i:>197N 


10, 


28 




11 3 


5.0 
















SO 3 1 


m97H,E271Q 


10.: 


i>3 




7 13,0 14*4 


8.7 



T;>^^ in Table >:i sho-s^', that et high p^i ^'aXacs 

.;K5xi,rwvru p. r ^v. i;.:.ir-ct; is achieved at pR values a litt/.r abovt. 
tr, CMC':::, htca pi- Still mcreasiT^q tbe pS of the pr^r.e?.s5!- 
tends to increase th& pE ot jRaxlsiuai perSooiance. The effects 
3 are not as pronoxinced as it is seen st low pH values (assay B 
ana G) > 

It 

In order to visualise correlatioii .between 

10 isoelectric point of i^e protease and the pH at fe»feich the 
protease has its maxiisum perf orsiance , the results froiu 
exaxtiplcu; B, G. and B v^re used to f?nd the pH at xchich e.j^ch of 
the i nvesTiigated varianua (and thv viiU uypv pare;ii eniiynie) 
hss ite i«axi:p,urs oes^toiiijanc--. - In F-tcm.x? 5 this t>H is shown 
15 as a f>5netion of the calculated pi,^. 

Taking into account, that the pH range is invest i-^ 
gated in steps of 1,0 pE ^aiue ths correlation is obvious, 

Cot-iCarning the coTabination o-; the r^ottsnts of the 
2 0 invention vith lipase (SXperi^Tjej-itai result* led to the following 
practical eonciusion^: 

Lipas® was stable for an hour in vfash liquor of typs 
O at 37 *G. The presence of Saviisase^ led to x^apid deaotivation. 
KaSKusase^ led to sabstantially: less inactivatiojs of lipase over 
25 the period o£ the test* 

Proteinase 1 w^s seen to be less a^ggressive to lipase 
than Sa%?isjase'^ , but taore so than Kazusase^^ Subtilisin EPN* 
did not however inactivate lipase at all under these condi'" 
tio«Si 

30 

Preferred proteases for u?;e e.-^. in conncuruion virh 
lipase, in waiSh coi«positions represe^ired by r.vpe O, ar:;= ^-Ut-ant-y 
FOOl, soo:;, soq4, sdi;:;, so is-,, so:::, i^c so35, S2ib. 

Type 0 vASii iiqi-vor v.ixi? soiur, ion a'. 37 ^^C 

35 derived iroir, trie following detergent forTniilstiors (% by vt) ; 
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an i on i.c s ujr f a ctan t 


6 


nonionic surfactant 


S 


fatty aeid 


2.B 


acrylic poly-jser 


3 


carbor^ate 


S2 


r>ulphate. 


10 

17.5 


clay 


B 


tertiary aiuin't: 


2 


p e rb 0 ra t e jsonohy dr a t.e. 


13 


minors and water 


to 100, 



A preforr«d prot--:a£e fcyr use s^^.f 
i ipas© in wash compos it ioni-; represented by 
IS SOaO, 8021, SOaS, S035, S33S. 

Type W msh liquor va^ a 2 g/1 soltstion of a liquid 
detergent having the f Glldwirjg f orisulatioh { % by vt) i 



20 


anionic surfa©tsnt 


16 




nonionic siarfactant 


7 




hydrotrope 


6 




Citric acid 


6 . 5: 




MaOH 






monoethanoiarsine 


a 




minors an<S water 


to . ; 



Although the present invention has been discussed and 
exer^plified in connection with varioin-; urp-cif.ic ii-rubodi-r^ents 
30 tliereoi; this is not to be construed an- a 1 ir«it=.3ticn to the 
applicability and scope of the disclcsurs-., v/hich extends to all 
combinations and subccTr.bi nations of featur«^s i^^e-nticned and 
Sescsribed in the foregoing as weii as in the attached patent 
cia isas - 



won/mm 



I, A iautated sur>t,i I protea^se, charact.erised m that 

thu; i^et. electrostatic charge has been changed in ccrnparisor; to 
5 ti5e p=srerst protease at tfae same pH, for exaji-ple in t.h3t , in 
said protease there are, relative to said parent prcts-asie, 
fewer or More positively-charged amirso acid resioaie(£;) and/or 
mors or fewer n&gatively -charged asjir^o acid residue (s), aieong 
the amino acid residues at any one or store of positions 



10 


X, 2, 3, 4 


, 6, 


9, 10, 12, 


14, 


1&, 17, IS, 


19, 


SO, 


21, 22 


24, 




as. 


27, 36 


37, 


38, 


4D, 41 


, 43 


44, 


4$, 46 


49, 


SO, 


§1, 52 


. 53, 




54, 


55, 56 


57, 


.58, 


59, SO 


, 61 


62, 


7S, 76 


7?, 


78 , 


79, 87 


, 89, 




91, 


94, 97 


, 98 


, 99 


, 100, 


101, 


103 


, 104, 


105, 


106 


, 107, 


108, 




109 


112 y 


113, 


lis 


116, 


11.7, 


118 


, 120, 


126, 


128 


, 129, 


130, 


IS 


131 


133, 


134, 


136 


137, 


140, 


141 


, 143, 


144, 


145 


, 146, 


155, 




1.56 






160 


161, 




163 


164 , 


165, 


165 


, 167 , 


170, 




X7 1 




17 3 , 


IS I 


1C>:, 


.183 , 


1«4 


165, 


186, 


1S8, 189, 


131, 




192 


194, 


195.< 


197 


204, 


206, 


2 00, 210, 


211 , 


212 


, 213, 


214, 




3 IS 


21S, 


217, 


218 


235, 


236, 


23? 


, 235, 


239, 


240 


, 241, 


242, 


so 


243 


244 , 




2 4 1 


248, 


249 


251 


. 2: 52 , 


2 .5 3 , 


2 54 


, 2S5, 


2SS, 




257 


2 55, 








265, 


269, 2 











by deletion, subst.it\:tion, or insertion {single or m>lriple) 
adjacent to the indicated, posit j , whereby said stjbtilisiri 
protease tias^ an isoeleotric poiivt (pl^,) lowe.r than that of said 
as parejit protease. 



2 X A mtated subtilisin protease in which the net elec- 

trostatic charge has been changed in coiaparisors to the parent 
protease at the sa^e pH, for exatsple in that in said protease 
30 there are, relative! to said parent protease, more or .fewer 
poeiti'v^^sXy-charged ajaino acid residue (s) and/or feii«er or more 
negatively-charged amino acid residue(s) , among the aisino acid 
rasidues at aiw one or ?sore of positions 



1, 2, 3, 4, 6, 


9, 10, 12, 14, 


11, IS, 


19, 


20, 


21, 22, 


24, 


25, 27, 36, 37, 


3B, 40, 41, 43 


44, 45, 4 6 


49, 


50 , 


51, S3, 






5B, .59, 60, 61 


62, 75, 7 6 




7?,, 


79, 8", 


89 


91, «4, 97, 9a 


99, 1.00, 101 


103, 104, 


105, 


106 






109.. 112, 113, 


11. 116, 11? 


118, 120, 




12 S 


, 129, 


130 


131, 133, 134, 


136, 137, 140 


141, 143, 


144 , 


145 


, 14-3, 





155 
171 
1«2 , 



2 ''2, 



81 



173, ISl 



21S, ; 



63, 164, 
JS:, lh5, 

<?oe, 209, 

22i>, 



:f2, ^63, 2^5 



r:2, -u, 

^K., 241, 242, 
23'* 



271, il. 



c-.ot r- .^r~.-)t«t„c-j, or insert ic- {sinqlc or ^rrip^e^ 
a^^^'.n. to the rd^c-i^^^d positions, wHesebv KaiJ subt^li^m 

10 parent protease. 



^1, -4 , 4. 



"5' 1 t p ctt HZ „{ f la-" 

I-: I .-^^^s'^* ft 

15 tions 

1? 2, 3, , 14, t-,, 1- 

Si, 5-*, 60, tsl, 62, 78, «1, 9^, , 100 

lOa, l-^, 113, 317, ^18, -23, 130, "SS-^, 

1-43; 144, 145, 146, 163, 173, 3St, 184, 

20 OC, 20$, 210, ?X1, 212, ^30, ^4C, .42, . , 

247 248, 24^, 23l, 252, 2f ? , 255, ?S6, 25^ ^^.^^ 
271, 272, 



flse px-ptease of claiB 1, 2, or 3, character isssd in 
that it possesses at l^ast one Tsutatlon affecting st^ aiaino acid 
residue occupying a position chosen frojn th« group of posd- 
tion.s 

1. 2, 3, 4, 14, 15, 17, 20, 21, ^0 , 41, 43, 44, 45, 46, 



51, 
lOS , 

14: , 

206 , 
247, 
271, 



60, 61, 
113,, 113, 

248, 249, 
272. 



251, 



75, 76, 78 
lis, 139, 
165, 173, 
2X2, 216, 
2;>;-, 2 53, 



7D, 
130, 
181, 
239, 



n-:3 , 

2 <K- , 
2 50, 



94, 97 
, 13 J, 
i«4 , 



100,, 
13tj, 



105, 
1 3 V , 



106, 
141, 



3S anta at least ona f«rtner ssutatiors affectxxvj ^r: anino acxa 
residu® occupying a position chos&n from the group of posi- 
tions 

I, 2, 3, 4, 6, 9, 10, 12, 14, 15, 17, 18, 13, 24, 
26, 27, 36, 37, 38, 40, 41, 43, 44, 45, 46, 49, 50, r.: . 5j, 



wo 91/06345 





54 , 


55, 5€ 


, 57, 


?:.8 , 


55, 60 


, 01 ^ 


. 62, 


75,, 76, 77, 


78, ' 


''9, B"i 


, B9, 




91 , 




, 98 




100, 


101, 


. 1Q3, 






106, 


107 , 


103, 




109, 


112 , 


113, 


lis, 


, 116,. 


117, 


118 , 






12B, 


;• 2 9 , 


130, 




131, 


. .13 3 , 


134, 


136, 


, 137, 


140 , 


. 141, 


143, 


' 


14&, 


14 6, 


ISS. 


5 


156, 


. 158, 


159, 


160, 


, 161, 


162, 


163 , 




, IbS, 


166, 


1S7 , 


170, 




171, 


, 172, 


173, 


1§1, 


f 182, 


183 > 


184, 


1S5 1 


, 1S6 , 


188, 


189 , 


191 




192, 


. 194, 


1S5, 


197 


, 204, 


206, 


309, 


210, 


, 211, 


212, 


213, 


214 




215, 


, 216, 


ai?, 


2 IS 


, 235, 


236, 


237, 


238 , 


, 239, 


240, 


241, 


2 42 




343, 


, 244 ^ 


245, 


247 


, 248, 


249, 


. 251, 


. 252. 


, 2S3, 


254, 


253, 


256 


3.0 


257, 






261, 


262, ; 


263, 


365, 




271, 


272, 275, 





f 



5. A proteases as claxjssd in any precsding claiis, fxarther 

charact^risgd in that it <!ont«i?>s one or Bore of the jss^ta- 
tiorss ; 

15 KIOF, RJ OL, R10F-rR4':.A-^E89S~^E136Q-^l^l45AtD181H^-RlS5P-fE271Q, 
E10F-f-R1$Q-^-Ea9S-^Ei;;60-^Rl<=SA-^DlSlNtS;27 IQ-^ K';:'; iiQ, Q17K, Q12R, 
Q 1 2 F 1 4 D-^- T 2 2 K * li 4 3 ?R i Q 5 9 >• ^i- H 7 6 D4- A 9 B R S 9 S D~ S 1 5 £■ E A 1 5 S R ^ A 1 7 2 D+ 
N173K-^■T213H•^■^;:^18i>■^■T2^;.5E■^S256K-^S259D4•A272K, QiaRtP14DfT22R-rN43Rt- 
Q59H■f!^6D+A98R^£S5D-^Sr■^nE•^A15BR-^A172D-^^^.73K-!-T213R^^^^ 

20 S2£SK^S259D-^A272R, Q12Ki-F14D-i-T22K-5-T3SK4-K43R^Q59B+N76D+l'.S8BL-i- 
S S SD-f-S 1 5 SS4- A15 BR4-A17 2D4-H1 7 3 K+$2 X 3 R+K 2 4 S D-fT2 5 5EtS 2 56 K-f S 2 5 9 -i- 
A272R, Q12K^•P14^H■!^32H+T3SR4-^?43R-!-Q59E-^-1^76D•5-^^9SR+S9^D4-S156E■^ 
A15SS+A17aDl'H173K-S'T213H-s.N248D-s-T255E+S256K-*-S2S9D-s-A272]R, QiaKf 
P14 D-i-Ta 2K"f T3 3 9 B-f K7 6 A9 B1?-J- S §9 D^H 1 2 0 14 0D4-S 1 4 IRr 

25 S156E-MilS;SR+A172D-*-Ml?3K-5-Tai3l?^N24&D4Ta55E+S256K-s-S259D4-A272R, 
^12E■f£'14D'j■T22R-^T38H-!-N43E'^-Q59E'4'H76D■fA98R+S.99D+H120D•fH14OD■i■ 
Si41R+S156E"i-A158R'S-A172D-fK173K-fT2l3H->-N248D"^T2S5E^Sa56K-fS2S9D+ 
A272]R, P14D, P14K, P14K-S-*36D, P14K-fK218D, P14K->-P129D, A15K, 
A15R, RISQ, T22K, T22S(, K2?l?, K27V, D32*, *3SD, *3€M17DY+ 

30 G195B-fK251B, *36l:)-fH120D+R170Y+G195S-fK235L, *36I>f-H120D-t-E170Y-f- 
G195E-^K235LfK251E, *36D-f-H120D-^G195E^K23&L, T38K, T38R, D41E, 
R45A, E53K,, E5:iC:-^-K2 3!xL, E::;4G, ES&Y , QS9E , 

QS 9E-fN7 6 D-;- A9 8 R-^-S 9 9 D -i- S 1 5 6 .A I f> 8 R - A 1 •>• 2 D-^- 17 3 K-^T2 1 3 K-^-l^ ;■; 4 8 D 
T255E-S256K-^S259D-A272R ,D60N, H76D,, ES9S, ES9S+K25IN, Y9ir, 

35 K94R, G97D, G97D-i-H120K, A9SK,, A9g.I;, S99D, Sv.= 3DtN140K, E112T, 
H120}>:, HI20D, H120D+K235L, H120LHG195E- K235L,, H 1 2QD-i-Ri 7C>Yr 
G i 9 i>E-i- K2 3 51: , H 1 2 0 D-f-H 1 7 0 1 9 5E4-K2 3 51.^- F 2 5 ;i E , PI 2 9 D , £ 1 2 GQ , 
E136K, S136R, E13C.O-RI0L, H140D, N140K,, in.40R, S14:il<, Si4 1R, 
Ta45A, S156E, SlS6E-^A158Rf A173.D-S-NX73K, Si5SE-;-A158R-A172r.H- 
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N17 3 K-i-T2 1 3R , S 1 5 6E-f-A 1 5 SR-fA 1 " - >; 1 7 3 1 3 2 4 i? D4 T2 5 5TA - 

S256K-fS25$D-4-A372R, AX5SR, A158K, Yi67V, RiTOY, R 1 7 OY-i-c:- 95E , 
EX?0y-fK25r£, Rl?0x>G:L95EfK25I£, R^.70Y^QIS5E^K23ZL, Yi7I£, 
Y171T, Ar;2D, H173K, DISIH, tnS4K,- N185D, RiSGF,, VI&2V, 

5 Y1S2V,A, G195D, Gi95E-s-TS13R, GISSS-vKaSlE , G195E-bK33SL, 

D197E, Q206E, YSOSL, T2I3R, T213K, 

Y2X4S, N218D, K23SR, K237R, W241Y,L, W24 lY-i-K24SR, 

5J241M24SR, m^BD, H24SR, K2SXB, K251E, T255E, SSSSR, 

S259L, S259D, S365K,, S26BR, Ea7XQ, E27XG, E2710^' 

10 K27V, E37IQ,G, A272R, A272R, R275Q, 

D14K,< D14K-HV}.aOK, D14K-5-OX20K-i-DX40K, D14K-4-OX20K-f D14 0K-^D172K, 
K27D,, K27D-iDi;:nK, E54T,, E54y, J^97D, J?97D4-S9gD, N97D4-T213D, 
S9SD,, Ka20K, DIAOK, SX56E, D172K, T213D, N21SD. 



ses one or rioro of tn^^ 



clai;-aed in any preceding claijs, further 
K;ur,at-s<3 subtiXisin protease cosipri- 
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T7 1 D-R I ■; 0 y -f-G i -3 5E+K2 5 IE 


SOIS) 




S016j 


4 ^ ^ I T 


SO 17) 




SO IS) 




S0i9) 


H120D-rR170Y-rG19 5:E-^K23Sj 


S02 0:5 
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S027 ) 
SOSS! 
S029) 
S030) 
S031) 
S032) 
S033) 

S041) 
S201) 
S2D2) 
S3Q3) 
S204) 
S223) 



2S S227) 



mm) 



mm 



* 3 6Di}j 12 0l>tR170Y-tGl&5E-r I<2 5L-^K2 51E 

*3 6Di-H12 0D-f-t;;i95H;4K2 3 5L 

E136.R 

D197N+E27iQ 
H76D 

H76D4G195E 

N7 6X>f R170Y+SX9SE 



2:511 

T2 1 3 K-^Fa 3 5 L-^H:^ 4 8 J- :3 - 



^ ..-^ ~ N 'V. ' \ >^ -J ^ ^ , 

A27ZU 
*360 

*3SD4-Q5?E-f-N76D-rASSR*S99D*K120D+H140D^ S 14 R 
EI70Y+C19&L-*K235L*!«248D T?5SE-^SS5GK+S259D- 

Q59E+K'76D4-A98jR'f-SS<JD-rni20D4l«140D-^SX^lF+Si3ol' 

Sa59D-«-A272R 

*3 6D-i-N76D 

D14K 

D120K 

D140K 
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D14K4D1S0K 
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K27D 


C006) 
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D14K-tD130K-i-Dl40K- 


COl'S) 




C014) 




CO 3. 5) 




C017) 


SI 5 SB 


CO 18) 




CQXS) 




C022) 




C028) 




CI 00) 
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A mutated sufctliisin protease ^ cbaractes^i-s®^ in tfeat. 
2G it possesses an insertion rtutation at. position 36, 

®* A prot.ecu>- ■^9 to C'!i.^r.sct.: rxscu in 

that it possesses an ,^n-?eru.ion -iur.o-.ticn qivang a negatlv&Xy 
charged aBino-acid resiau^ at position 36, for ex'asjple *36D or 
25 *36i;. 



^* ^ protease according to clais? 7, charaoterissd in 

that the insertion mutation provides a neutral ajnlno-acid 
residue, a neutral polar residue, e.g, *36A, *3§0, or 

30 *36H, or a positively-charged assino-acid residue, e,g, *36R or 
*36X, 



A protease according to cXaira 7, characterised In 
unat .rc possesses a further r^utation at any one or sior© ot 
35 posir.io;v:; 120, and e,g. *36D and one or 

?5or-i> of HliOD, RI70Y, K23SL, and K251S? or *3$Q or *3SB 

and one or a^ore of H120D, FX70\% Gi95E, K23SL, and K25IE. 



W09I/C5634S 
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11. ?v proteasscv accordx.ng to clais 7, characterised in 

thst it possesses a further jautatiorj at position 76, e.g* to 
substitute ,ii r:en.;jtiv«?::y --charged arr.lno acid residue at position 
76 J e.g. N7 6D or N7eE. 

5 

12 < A prot-33:">si: according to ciaiiii 11,. ch-uractiirised in 

that it possesses « fucth&r siatation at jiuitation at any cme or 
xaoT^ of positions i:.;o, ,r:-0, -SS,, 235, ana e.g, =^-3&D-fH76D 

a?id one or niore of Hi;:r^. ; i . r;>;^.\.' !..■, -snd K251S:? or 

10 *36Q-5-H7 6D or *36E-*-K?6D and one or K.crs of HI20D,, R170Y, ai95E, 
K235L> ana 

13* A protsase according to clalis 7, characterised in 

that it possesses a further asutation to give a positive charge 
15 eXsewliere in the protease KolsQUle, tor sxsiapXe at positioii 
2X3y i-or example TZ13%. 

14. A ssutated subtil islti protease, characterized in that 
one or jnore ajsina acid r<^ii:idi53s in a distance of ssore than ISA 

20 froi& the catalytic triad of said protease has been changed in 
coTsparisors, th;^ arir.c. iclJ suv.c"ience o^" its parent engiyjs®, 
and in p w.=-y t-o rr-v5.i,> f-.; a .:,nv-n,-; i^retc:-,;?.;.^ h>,\\ iiiq an 
IsoeX&ctric joipt,- pl^, a-nilted i,n tha esme direction as it is 
desired co snl£t the ph: optij^JU^) for the wash performance of 

25 said snutarr-d prorearc- 

15. A protease -icco.ra.nci to any of claims 1 to 14 , 
characterised In having an isoelectric point iplj lower than 
that of the parent protease, a^d having one or laore mutations 

30 equivalent to reifioval at a positively-charged amines acid 
residue or addition of a negatively-charged asiino-acid resid^ie, 
relative to the parent protease, at the site of at least one 
a-taiT^o-acid residue located within the range of about ISA-aOA 
from the active site^ especially for example at positions 170, 

W 1-20, or 1&S< 

16. A ptdtease as claimed in any preceding clai^^ further 
characterised in that it represents a BJUtation pt a parent 
engy»® Selected from subtil is in BPH^ sufctillsih affis^losac*- 



B7 

cbariticus, subt.llisin 168, subtilisin ir^ssent^ricop^^ptidase, 
subtil is in carlsberg, subtilisin T)Y , subtilisin 309, subti- 
lisin 147, tbensitase, agualysin. Bacillus PB&2 protease, 
proteinase K, Protease TW7, and Protease. TW3 . 

5 

17. A protease as claisiea. in claisi 16, furtbar cha.racte~ 

rised ix^ ttet the parent sutotili&in is subtilisin 30^^. 

^•"^ proteasfh ac< ciaip^csd in cisiiji 16, further characte- 

10 rised in that the parsr- subtil. 1 sin is subtilisin 147, 

19. A prctaase. as claiiaed In ciaira 16, further characte- 

rised in that ths parent subtilisin is; sxifctiiisi« Carlsberg, 

IS 20, A protease as olaissed in cla.ija 16, fu.rther characte- 

rised in that the parent subtilisin is Bacillus PB92 protease. 

21. A method for <Jetersuining or selecting the posi- 
tion (s) and the amino acidCs) to foe deleted, substituted or 

20 inserted for the ansino acid<s) in a parent enzysse, charac- 
terised in that the selection is performed in a way wiiereby the 
calcular^ed net elsotrostatic charge f-FEC) in a contes\plated 
mtsnt ansyme has been changed in coinparison to the NEC in the 
parent enjsysse of Ghoice calculated at the saiae pH value. 

2S 

22. The rnethod of claijn SI, further characterised in that 
the asiino acid residues selected are situated on, at or near 
to the surface af said parent ersayme, 

JJ-=«thod of c.lai;» 2;i or 2::, further characterig^jd 
in that the an-ino acid residuc^s seiect&d are chosen a^ong the 
amino acid residues at any one or ^-^ore of pes it ions 
i. 2, 3, 4, 6, 9, 10, 12, 14, 15, 17, is,. 19, 2Q , 31, 22, 24, 
25, 27, 36, 37, 3S, 40, 41, 43, 44, 4:.., 46, 45, 50, 51, 52, 53! 
35 54, 55, 56, 57, 5S, 59, 60, 61, 63, 7%, 10, 77, , 79, £7, 35. 
§1, 94, 97, 98, 99, 100, 101, 103, 104, 105, 106, 107, los'. 
109, 113, 113, 115, 116, 117, lis, 120, 126, 126, 139, l.io! 
131, 133, 134, 136, 137, 140, 141, 143, 144, 145, lAe, 155, 
156, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 170 



:l7i, 172, 173, 181, 182, 183, 1B4 , 188, 

192, 19-1, 195, 197, 3(?4 , S06,, 20$, 210, 211, 212, 

215, 216, 2 17, 218, 235, 226, 237, 2:>S, 22<->, 24 0, 

24 3, 2 4 4 , 2 4 S , 2 47 2 4 S , 249, 2 5 > , 2 2 , 2 5 3 „ 2 5 4 , 

257, 259, 260, 261, 262, ?.€3 , 26S, 265, 271, 272, 2 



24. Tbe jsethod of ciaiiJi 21, 32 or 23, fiirths^r charac- 

terized in that the amino acid rs^id^ss selected are chosen 
assong the aislno acid r-esidues at any one or laore of positions 





1, 2, 3, 4 


, 6, 


IQ, 12, 


14, 


15, 17, 18, 


19, 


20 , 


21, 22, 


24, 




25, 


27, 36, 




36 ^ 


40, 41 


, 43, 


44, 


4&, 46. 


, 4S, 


50, 


51, 22, 


r 53, 




54, 


53, SS, 


, 57 f 


58, 




, 61, 


62; 


75, 76 


, 77, 


?S, 


79, 87, 


, 89. 




91, 




, 9S 


99 


, 100, 


101 r 


103, 


104, 


105, 


106 


, 107 , 


i08, 




109, 


, 112, 


113, 


115, 


, 116, 


117, 


118, 


120, 


1 2 6 ,, 


12 8 


, .129, 




IS 


131< 


, 133, 


134, 




, 137, 


140, 


141, 




;u4 , 


14 5 








156, 


. 15S, 


159, 


160, 


, 161 , 


162 , 


163, 


164 , 


165 , 


166 


, 1-57 , 










172, 


18 i 


, 182 , 


183, 


184, 


185, 


186, 


18 S 




l&I, 




192, 


. 134, 


195, 


19? 


, 204, 


2C6, 


209, 


210, 


211, 


212 


, 213, 


214, 




21S. 


. 3X6, 




2ia 


, 235, 


23 6, 


237 , 


23 B, 


239, 


240, 241, 




20 


243, 


f 244, 


245, 


24? 


, 243, 


249, 


251, 


252, 


253, 


. 254 


, 255, 


256 




257 


, 25S, 


260, 


261, 


262, : 


263 , 


265, 


269, 271, 


272, 


27 S , 





gS. The methcd cf claiis 21, 22, 23 or 24, further charac- 

terised in that the amino acid r®si*a«es s^sleoted are choisen to 
25 affect an amino acid residue osctspying a pos;itiori chosen from 
tiiB group of positions: 

1, 2, 3, 4, 14, 15, 17, IS, 20;, 37, 40, 41, 43, 44, 4S, 46, 
SI, 52, 60, 61, 62, 75, 76, 7S, 7S, 91, ^4, 97, 100, 105, 106, 
IDS, 112, 113, 117, IIB, 129, 130, 133, 134, 136, 137, 141, 
30 143, 144, 145, 146, 16S, 173, ISl, 183, 1S4 , 185, 191, 192, 
206, 20S, 210, 311, 212, 216, 239, 240, 342, 243, 244, 245, 
247, 24S, 249, 251, 252, 253, 25S, 256, 257, 253, 263, 269, 
271, 272, 

and at least one further affecting an aval no acid n!ii-;.idue 
35 occupying a position chosen fross the. gro-op of pcsit.ions 

1, 2, 3, 4, 6, 9, 10, 1,2, 14, 15, 17, IK, Iv, 20, 21, 22, 2A , 
25, 27, 56, 37, 38, 40, 41, 43, 44, 45, 46, 4S, 50, .51, 52, 53, 
54, 55, 56, 57, 58, 59, 60, 61, 62, 75, 7(;, 77, 78, 79, 8 7,, S9,, 
91, 94. 97, 98, 99, 100, 101, 103, 104, 105, 106, 107, 108, 
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1 2 
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lb tase, Bacillus PB92 protease, proteinase k, proT:«ia-,c^ H^/, ard 



27. h method as claimed in cl&ix?. 26, further charyctari- 
s«d that th^ parent subtilis.in Is subtiiisin 309, 

28. A jsetisod as ttlaimed in claim 26, tut^th^r chsraeteri- 
sed in tbat the parent sabtilisin is subtilisin 147, 

29. A s^ethod ss claimed in claiss 26, further charaet&rl- 
25 &ea in that the parent sijbtilisin is sufotilisit^ Carisb«rg. 

30. A ssethod as elaijsed in claim 26, further characteri- 
sed in tbat tile parent subtilisin is Bacillus PB92 proteass. 
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